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HABITS OF THE STAR-NOSED MOLE, CONDYLURA 
CRISTATA 


By WriLuiAM JoHN HAMILTON 


The Star-nosed Mole has a wide distribution and is locally abundant, 
yet strangely enough very little in the literature of mammalogy deals 
with it. The following notes on habits, 


accumulated during the past six 
years, appear worthy of publication. 


WEIGHTS 


The average weight of thirty adult male 


; taken throughout the year was 53.4 
grams. The heaviest male weighec 


70 grams, while the lightest, an old male with 


well worn teeth, weighed 39 grams 


The average weight of eighteer 


1 females was 50.3 grams Che heaviest weighed 


77 grams, being the largest taken, while the smallest was 35.2 grams. During 
pregnancy it ippears that the females may gain considerable weight The aver- 


age weight of twelve taken from December to 


late March the specimens showed a decided 


February was 44 grams. During 
increase in weight. A female, re- 
cently passed parturition in April, weighed 64.3 grams while a gravid female col- 
lected in early May, with tiny embryos, weighed 64 grams. The large 77 gram 
individual had six embryos, which co ld 


nbined could not have weighed more than 


a gram 
Six young of one litter, well furred i apparent] le to shift for themselves, 
taken on May 17, 1927 averaged slightly less than 25 gram 
RANGE AND NUMBER Ol! N IDI 3 


Without some method of marking and retrapping an individual a difficult prob- 
lem irises when one attempts to determine the range oI asm ill m ummal. Seton 
(1909) is of the opinion that an acre is sufficient range for a single mole. 
In a specimen that was taken 140 yards from the nearest water, an examination 
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of the stomach showed that this animal had last eaten some small crustaceans, 
Hyalella knickerbockeri, and a few dytiscid larvae. Both of these are aquatic. 
The mole may have travelled farther than this since feeding. Digestion had 
commenced, so presumably it had eaten an hour or more previously. Probably 
three times the distance this animal had gone is a conservative estimate of a day’s 
travel for the mole. 

In a swampy area near the head of Cayuga Lake, locally known as Renwick, 
about fifty moles have been taken in the past five years, without depleting their 
ranks to any appreciable degree. The area trapped covers about three acres 
There are probably fifty moles living in this restricted community at the present 
time. Inthesame area they are outranked in number by Blarina and Peromyscus. 
Along the inlet to Cayuga Lake at Ithaca, New York, trappers take hundreds 
annually in their muskrat sets. Only asmall pe.centage of these have been saved 
for the writer. One trapper told of taking over two hundred in a season, and 
added that they were as abundant as the muskrats. It is probable, from field 
observations and intensive collecting, that there must be an average of five pairs 
to the acre scattered through this area of sw imp land that borders the lake for 
nearly a mile 


PERIOD OF ACTIVITY 


The star-nosed mole is diurnal as well as nocturnal This mole not infre- 
quently comes above ground in the winter. Merriam (1884) captured several 
that were running about on the snow Tenney (1871) and Wood (1922) both 
record activities of this creature on and just under the snow A number of musk- 
rat trappers have told of seeing this animal on the snow in the swamps about 
Ithaca. They also have seen the mole swimming under the ice 

While collecting specimens, the writer has frequently pressed in runways with 
his heel and noted the time of repair. Of 147 runways disturbed, 57 were repaired 
during the hours between 9 a.m. and 6 p.m., 29 were repaired between 6 p.m. and 
8 a.m. and 61 were not repaired at all On two occasions the burrows were re- 
paired a few minutes after being disturbed 


DISPOSITION 


These animals are gregarious and in some measure colonial. A small area will 
be dotted with their subterranean runways, and a short distance away, in an 
apparently similar habitat, not a sign of them will be evident On May 25, 1928, 
three males were taken from a minnow trap in a small but swift stream. The 
trap was pl iced In a pool, in three feet of water It seems likely that the animals 
were together when caught On January 29, 1927, Fred Stevens, of Ithaca, pre- 
sented me with a male and female mole that were taken from the same minnow 
trap. The female was not pregnant. This may indicate a tendency for com- 
panionship or possibly an early courtship »rior to mating 


LOCOMOTION 


Condylura is perhaps less fossorial than any other American mole with the 
possible exception of Netirotrichus. When the mole is on the surface, and wishes 
to dig in, the fore paws are closely pressed against the nose, palmar surfaces out. 


The hind feet are widespread, the toes spreading out at right angles to the body. 
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tapid strokes of the fore feet, sometimes alternate but more often in unison, soon 
remove enough dirt to put the animal under cover. The nose is not used in dig- 
ging. The movement of the fore limbs is aided by a twisting motion of the body, 
not unlike the actions of a swimming newt. When digging, the tentacles of the 
nose are brought together so as to close the external opening of the nostrils quite 
effectively 

The star-nosed mole is an excellent swimmer. The majority of the specimens 
examined in the flesh have been taken under the wa Practically all the winter 
spec imens examined were taken on or near the bottom of a stream or lake Most 
of the specimens were taken at the entrance to muskrat dens, in traps set for this 


rodent Several tr ippers have told of taking these moles in the runways leading 


from the winter houses of the muskrats, and I believe that further study will 
show that they make the walls or the interiors of these houses not infrequently 
their homes 

I have many times watched these animals swimming, usually when captive. 


The fore limbs give rapid alternate strokes, which are the principle means of 





propulsion. The hind legs are kicked alternately. The tail plays only a minor 
part in propulsion, and is thrown slightly from side toside. A specimen I released 
in a small pool dove exceptionally well. The tentacles were closely pressed 
together 


RUNWAYS AND BURROWS 


Once seen, the characteristic runways and mounds of this species can never 


be mistaken. In swampy ground they appear more like the work of a crayfish 
than that of amole. The burrows vary in width from 1.3 to fully 3inches. The 
height averages from 1.5 to 2 inches In meadows the tunnels usually follow an 
undulating course, in a vertical plane At intervals, which are rather irregular, 


the excess dirt is pushed out of these runways and accumulates to form the well 
known molehills. Merriam (1884) observed that the moles first prepared an 
opening for the excess dirt, then pushed the dirt, closely packed ind molded to 
the form of the burrow, ahead of them Freshly made mounds in wet ground 
show the characteristic lamellae, which indicates that their material has been 
pows rfully constricted 

Che tunnels in many instances open under water in the vicinity of a stream and 


not infrequently the burrows go so deep in swampy ground that the lower parts 


are well below the water line. In winter, the mole does not burrow as much as 
at other seasons but takes to the waterways. Then the runways lie close beneath 
the ice that border the streams and lakes Advantage is likewise taken of fallen 
trees, logs and any large cover under which to thread their runways. It appears 
that progress is somewhat easier in such situations Che hills left by these moles 


are sometimes enormous, the largest ones being usually found in sandy rather than 


muddy soil. The largest measured, on a low lying athletic field, was 26 inches in 
diameter by 53 inches high. Like other moles, the star-nose does not throw out 
heaps of earth when burrowing near the surface. Short, blind pockets are often 


met with in the burrows 
The ne tS are iny iriably composed of de id leaves straw and lead grasses, not 
shredded, and taken from the nearest vailable material. The nests are shaped 


as a depressed sphere, with only slight cover when the structure is beneath a log 
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or fallen tree. The nests built to receive the young are slightly more elaborate 
and considerably larger, yet always made from the material nearest at hand. 
From all that have been found and recorded, it seems that the mole exhibits great 
care in its selection of a site, making certain that the nest is well above the high 
water line by placing it in some natural elevation. 


FOOD 


In the course of food studies, 107 specimens, taken in every month of the year 
except July were examined. Not as greatly modified for digging through hard 
packed earth as other moles, the star-nose must take life a little easier, and exploit 
the muck beds and stream bottoms. It is small wonder that much of its food 
should be taken in such places. Fig. 1 shows the percentage by bulk of the 
various food items eaten by 107 moles. The large preponderance of aquatic 
organisms is quickly apparent. This same figure indicates that nearly fifty per 
cent of the food consists of annelids, but unlike the food of other moles, these are 
not principally earthworms. Reference to Fig. 3 will show that four-fifths are of 
aquatic origin 

Condylura feeds upon a large variety of insects, but a study of Fig. 2 shows 
that less than ten per cent of these are terrestrial forms, and the others are secured 
from the stream or creek bottom. It is true that the greater number of animals 
examined have been taken in the water, but large numbers have also been taken 
some little distance from streams. It seems likely that the moles, at least about 
Ithaca, New York, may make their winter headquarters nearer the streams 
because of the greater accessibility of food in such a region at this time of the year. 

Among the annelids, aquatic oligochaetes seem to be favored. As many as 
200 may sometimes be found in a stomach, together with a mass of dirt and mud 
This would indicate that the mole must root along the bottom and of necessity 
take in a quantity of extraneous matter. “Large numbers of leeches are fre- 
quently taken. Some as long as two inches are bitten through in several places 
but are often swallowed entire. The genus most frequently eaten appears to 
be Placobdella. 

Second in importance to the annelids appear to be insects, which make up about 
one third of the bulk of the stomachs. Fig. 2 shows the approximate ratio of the 
various insect groups that seem to be eaten most frequently by this species. A 
small portion only consists of those forms derived from a terrestrial habitat. In 
the specimens that are captured in the water, Dytiscid larvae, while not equal- 
ling in bulk the caddis worms, were found in more stomachs, and it is presumed 
that this beetle larva is perhaps a more important article of diet than the tricho- 
pterids. Midge larvae, like the small oligochaetes, are literally raked in from the 
mud, and much sediment accompanies any number of these when present in the 
stomach ofthe mole. The larvae of crane flies are also taken frequently, but these 
may occur in decaying vegetation and swampy ground as well as in the water. 

Crustacea are taken sparingly, but probably only because of their minute size 
The little shrimps of the genus Gammarus and Hyalella have been found not infre- 
quently in the examinations. Mollusks were found in very few stomachs. They 
are probably eaten more frequently than analysis shows. A captive specimen 
took slugs, Agriolimaz, with evident relish. 


In a single stomach the remains of a small minnow were found. It may have 
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been found dead. The star-nosed mole is undoubtedly agile enough to capture 
these smaller fish. 

The observations on the food of this species are in no wise conclusive. Many 
writers are in accord with the statement that moles feed to a rather important 
extent on vegetable matter. In all the specimens of Condylura examined, not 
enough plant remains were found to justify the conclusion that the animal had 
taken them intentionally to round out its diet. To date, we must tentatively 
believe that this mole is strictly carnivorous 

When feeding, the forepaws materially assist the mole in holding the food in 
place. The backs of the palms are slightly elevated from the substratum and hold 
the food firmly in position while the animal feeds. The siiout and all the ten- 
tacles are immersed while the animal drinks. They may be kept under water 


for five or six seconds at atime. The tentacles are firmly drawn together while 


the animal feeds. These tentacles are in constant motion when the animal is 
searching for food, with the exception of the two median upper ones. These are 
held rigidly forward 

A captive Condylura ate sparingly of many natural foods. This animal was fed 


small amounts to determine if it could subsist on less than the enormous amount 


that all writers regard as a necessity for maintenance in the mole Over a period 
of 48 hours only 12 grams of food was fed a mole weighing 45 grams, or less than 


14 per cent of the animal’s body weight per d Ly The mole could not live long on 


such a scanty diet, and it died a day later, after a meal of several worms. I sus 


pect that further experiments will prove that one-fourth of the weight of the 
animal is ample for a day’s feed 


ENEMIES 
Parasites: Condylura is a host for many external parasites, as well as numer- 
ous internal forms Cc iptive specimens appear to be much annoyed by trouble- 
some arthropods, and much of their time is epent in ser itching themselves 


Mites of the genus Androlaelaps are among the most abundant external para- 
sites. Siphonaptera have been taken from half the specimens examined. Thanks 
are due Dr. M. A. Stewart for determining these. Clenophthalmu nmanni and 
Ctenophthaln pseudagyrte have been collected from the moles frequently 
Less often they are afflicted with C: ratopl yllu vickham Intern lly cestodes 
are occasionally found, but nematodes are often abundant Ascarids are very 
common on the stomach, the walls of the intestine, just under the integument of 


the rump and shoulder region, and imbedded 


n the mesenchyme. They are 
probably the same species as is found so commonly in shrews when one is skinning 


these animal The worms are enclosed in a tissue sheath and are invari ibly 
coiled. They are 3 to 4mm. in diameter when coiled and average 35 mm. when 
extended. There may be as many as a hundred in one host 


Predatory Animals: While the writer has no evidence that fish prey upon this 
animal, it does not appear unlikely that this sometimes happens. The aquatic 
habitat selected by this mole is also the home of large bass, pike, and other 
foragers 

Raptori il birds feed on the mole. The writer has examined the stomachs of 
red-tailed hawks and great-horned owls, both of which contained C 
remains. Pellets of 


ondylura 


screech owl that was under observation during an entire 

















HAMILTON—HABITS OF STAR-NOSED MOLE 351 


winter produced three mole skulls. Barn owl pellets show Condylura remains. 
A skunk killed in February had eaten a star-nosed mole. 


REPRODUCTION 


The season of reproduction for Condylura, as in other moles, is in the spring. 
Litters of young from central New York have been recorded from April 18th until 
the middle of June. The majority of young appear to be born about the end of 
the first week in May, but there is a wide deviation from this date. There seems 
to be only one litter a season 

About Ithaca, New York, sexual activity on the part of the males commences 
in late January. Prior to this the testes are small and not descended. During 
early February the sexual organs commence to increase in size and by the time 


} 


they have reached their full development, from the middle of March until May, 


they are enormous Plate 13 Ina54gram male, taken in March, the combined 
weight of the testes was 4.8 grams This is equal to 8.8 per cent of the body 
weight Chis gre t enlargement of the m le generative organs is marked by acor- 
re sponding inere use in size of Cowpe rs gl unds These bulbo urethral gl inds, 
which discharge their secretion into the urethra near the base of the urinary blad- 


der, measure 18 x 11 mm. in an individual with greatly enlarged testes 
Che development of the embryos in the latitude of central New York may be 


found from late March into early June 





I EI ) t 
1 29 6 Early, 4 mm. each, crown rump 
April 3 6 Late, 16 mm. crown-rump, 2/3 time. 
April 7 7 Early, 4-6 mm. crown-rump 
April 16 ) Early, probably several days 
April 18 Just given birth to young 
April 22 6 Early, 2 mm. each 
May 17 7 Early, 1 mm. each 
May 18 6 Early, 3 mm. each. 
June 10 ? No. 5026. C. U. Mus. Female with em- 
bryos No other data 
As to the permanence of mating, observations carried on in the field would 





suggest that these animals pair in the fall and remain together until the breeding 


season, when the male, perhaps under pressure, leaves his mate. The pair taken 
in a minnow trap on January 26 may or may not have been mates, and several 


instances where pairs have been taken, perhaps mated, on successive nights from 


the same burrow, would further bear out such testimony. Observations are 
fragmentary here, however 
Few accounts of nests of this species appear in the literature Jackson (1915) 


lists one from Georgetown, District of Columbia, found by Morris M. Green, and 


grown These were collected from a nest 


containing five young about one-third 


under a log on the flats of the Potomac River, on May 22, 1888 [wo of the young 
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from this family are slightly more developed than the others, but it was not known 
whether this was due to difference in age or to some other cause. 

Bishop (1902) describes a nest of this species containing four young. He says: 

“On May 22, 1890, while having some apple trees planted I had the good fortune 
to find a nest containing four young The particular spot where the nest 
was found was a little hillock or cradle hill which had been formed apparently by 
a tree having been blown down. When the roots had rotted away a small dry 
mound of black sedimentary earth was formed, and in this the nest was built. 
The mound was high enough to be out of the way of storm water during wet 
weather 

“The excavation bearing the nest was ten inches below the surface, and was 
made in a circular form, seven inches in diameter. The nest was built of old dry 
grass, and was very compact and neatly made. Although the mound contained 

complete network of roadways, no earth was thrown to the surface within ten 
leet ol tne nest 

The young were probably ten days old, the fur just beginning to start, which 

gave the skin a dark brown color 

Rhoads (1897) lists a female and four nearly mature young taken in the same 
trap on successive nights in the underground passageways ol a spr ing 

Audubon and Bachman (1851, vol. 2, p 142) described a nest that they believed 
belonged to this species but which was undoubtedly the nest of a common mole 
Us¢ alop The very fact that the radiations could not instantly be made out on 
the nose of the post-embryonic young would be in itself sufficient evidence to 
prove they were not the yo ing of the star-nosed mole 


i These nasal r 1ys appear 
early in development and may be seen in young of half time embryonic 
development 


Harper (1927) records a nest of this species in southern Georgia containing 


young above the water in the stump of a bay tree Sim ps n (1923) found the 
nest of Condylura in a manure pile at Ithaca, New York, on May 23, containing 


five young about ten days old Kennard (1929 reports hn ling a nest of this 


species in the middle of a compost heap on April 25, in Massachusetts, in which 


only thre oung were present The young, of unknown age and measuring 80 


mm. in length over all, including the 20 mm. tail, were hairless, with gray bac] 


‘ l +} ] 
into p nkK on the vely 





No ve ung have been seen at birth, ind the earliest as well as the smallest ex- 


umined were killed by a dog, which dug them from their nest in a barnyard manure 
pil his was in late April. They are pale pink, and no hair is visible. In 
young specimen collected from the nest, supposedly ten days old, the dorsum is 


finely covered with hair. On the belly this hair is considerably shorter and lighter 


in texture, as is also the skin of this region. The tactile vibrissae of the snout 


and the margins of the fore feet are well developed The « ye appears as a sm ll 


elevated slit, with no visible opening. A wrinkled slit represents the external 
ear, and appears to be placed just above the proximal end of the forearm. Mid 
way between the eyes and the anterior margin of the ear there are two tactile 
hair rheir use is probably of a sensory nature. The feet are well developed 
and have taken on the scaled appearance of the adult. The external genitals are 
clearly defined and e at this early age the sex may readily be determined by a 
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EXPLANATION OF PLATE 


Fic. 1. Genitalia of male Condylura, to show enormous enlargement of testes 
and Cowper’s glands. Natural size. March 18, 1930. Ithaca, N. Y. 

Fic. 2. Mole hills of Condylura in sandy soil at Stewart Park, Ithaca, N. Y. 
March 28, 1927. 

Fic. 3. Nest of Condylura, with runways 
1927. 

Fic. 4. Nest of Condylura, with adjoining runways. 
Renwick, Ithaca, N. Y. April 27, 1930. 


Renwick, Ithaca, N. Y. May 7, 


The nest was under a log 






































HAMILTON—HABITS OF STAR-NOSED MOLI 353 
ies of ng that have not left the nest but are well furred, the pelage 
I eral larker and shorter than that of the ad Chis short, almost 
é eal e of the nestling characteristic « oung of the year 
hrews, these moles gzTro er I n the f t few weeks of life and are 
to shift for themselves when the nest 1 ted [wo litters of young, 
irred and able to run from t irroundings of the nest when disturbed, were 
rsing. Usually the nest i t in su position that available food 
ti nd 31 rti il | tr hen the home . ted lr compost 
r nure p l requ t f 
e eves of the 1 pre b] erve to distir i light from darkness and 
ng mort While all the elemer t rmal eye are present, they are in 
condition of crowding d to the great reduction ir f the eyeball, 
would be impossible for them to function in a normal manne: In captive 
ian ‘Cond 1. the hair t t ( parted at times Che minute 
externally measur only 0.9 mr liameter [It probably functions 
in this species than in other mole t r-nose D ! more time on 
e sense smell does not ne ¢ t re t light degree 
s placed withir the é r yuldr respond 
f eve thoug 8) not De TT l r some time 
earing appears to be mo te : n in othe Herrick (1892 
r mMMor near ri e extertl i € ( ( } 1 are 
, r t ¢ the 1de 1 the 
r ¢ iu genu ( the tf nel This le r 
t t r r t nr t a r he rene! | irface 
ear é the ; } nin I ¢ ] it wan 
the I r it esight ighly pre ble that the 
e tl re mor I 
er e tor the 1 ( é the ne ense ic! remark 
evelope his s nar cert tile hairs and 
I hi re chl ‘ A ve 1885) made histo 
tudy of the snout in (¢ nd ind that tactile papillae are not 
distributed over the end the nos it are confined, for the most 
t the flexible finger-shaped prox ¢ he papillae pp r, under a low 
on, as uniformly rounded prominences disposed in more or less regular 
extending in the direction of the long axis of the ray Che mole has special- 
ctile hairs on the manus K under (1909) studied these tactile hairs and 
es thelr rrangement Sor f them he considers tactile in function while 
ire not In Condy 1 these halt nd those of the nout are the first to 
ke their appearance in the young mol In the adult, the tactile hairs number 
yut one hundred on the manu nd are evenly distributed around the margin. 
y re longer nd perh ips better developed on the inner border of the hand 
possibly more sensory, inasmu¢ this part would be in closer contact with 


ground 
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This tactile sense, so highly developed in the mole, is just what we should 
expect in such a specialized fossorial type. The degenerate eyes, the small ear 
opening, and the lack of a projecting auricle, with the consequent crowding of the 
sensory hairs toward the anterior end of the animal, are all in keeping with 
its habits 


PERIODIC ENLARGEMENT OF THE TAIL 


There is a remarkable swelling of the tail in this species that occurs during the 
winter and spring months. In both sexes this appendage may at this time become 
enormously enlarged and somewhat flattened. This swelling, in some indi- 
viduals, may commence as early as the last week of October and persist until June. 

Of thirty males examined in the flesh, taken between December 4 and June 3, 
nineteen had enlarged tails and eleven had normal tails. Of the nineteen, eight 
had moderately enlarged tails while eleven had greatly swollen tails. The largest 
tail measured 14 mm. in diameter through the thickest part. For comparison 
the diameter of a ten cent piece is 18 mm. 

Of sixteen females that were examined during the same period twelve had 
enlarged tails, half of which were moderately enlarged and the rest greatly swol- 
len. Three January specimens and a February individual had normal tails 

When the tail is greatly swollen the scales covering this organ are pulled apart, 
the flesh shows through and a decided pinkish tinge is given to the skin of the tail 


This Swe lling, WwW hen re iching its pe ik, may be accomp inle 1 by a greasy secretion, 


which gives the tail the uppearance of having been ru »bed in fat There seems to 
be no peak for this enlargement. Indeed, adults of like or opposite sex may be 
taken on the same day, one of which will exhibit a remarkable enlargement 





ill 


Ac iptive pecimen taken on March 16 underwent a decided change in the size 


whereas the other 1 e quite normal 





of the tail during the two days in captivity When first taken, the tail w fat 
and enlarged, but on the 18th, after feeding to a limit extent, the tail had 
} 


become very noticeably shrunken and the skin about it, which had been tight and 


firm when first noticed, was loose and wrinkled. It is not suggested that, in the 





absence of sufficient food, some reserve nutriment was drawn from this area and 
thus caused the loss As has prey iously been stated, food is rather easily secured 
in the winter and it does not seem likely, for this reason, that the enlargement is 
due to storage and that the tail acts as a reservoir Che periodic increase in size 
ol tl ilis an enigm i that does not appear to be easily solved. 
ECONOMIC IMPORTANCE 

It seems that Condylura, unlike Scalopus and Scapanus, will never become 

injurious enough to warrant wholesale destruction Several cases are known 


where the mole has disfigured lawns on the low-lying flats about Ithaca, New York 


At Stewart Park, during the spring of 1927, the mounds | 


ecame very numerous 


and unsightly over a good portion of the playground 
By its very nature, however, the habitat in which this mol thrives keeps it 
from the notice of the agriculturist, and seldom if ever is a complaint heard from 


this source Condylura is one of the most peculiar mammals that we can boast 


of in a land filled with interesting forms. 
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NOTES ON SMALL MAMMALS OF UTAH 
By J. S. STANFORD 


The following paper is based principally on a study of 375 or more 
mammals collected by the writer (except when otherwise stated) in 
Sevier, Wayne, Garfield, Salt Lake, Cache, Morgan and Boxelder coun- 
ties from 1928 to 1930. One hundred and forty skins were made, be- 
sides a number of alcoholics. These skins and specimens are in the 
Utah State Agric. College Museum; the writer’s collection at Logan; 
the University of Utah; and three Microtus in the University of 
California. 

Collecting began at Salina, Sevier Co. in September, 1928 and was 
continued in that region until the next August. Salina lies in the rich 
agricultural Sevier Valley (elevation, 5160 ft.), with low hills on the 
south andeast. Salina Canyon extends for some twenty miles eastward 
into the rugged Wasatch Mts. Eight miles from Salina, Gooseberry 
Creek enters Salina Canyon from the south and in an area of several 
square miles adjoining this creek are farms. On one of these farms 
belonging to Mr. J. O. Ivie and in this general region considerable col- 
lecting and observing was done from October to August. 

Pinyon pines, Utah junipers, shadscale and rabbit brush are charac- 
teristic trees and shrubs in the valley and are found also in the lower 
Gooseberry region, with a mixture of sagebrush. Several miles south, 
on Gooseberry Creek, at an elevation of 7800 ft., is the Government 
Experiment Station for the study of poisonous range plants. Aspens 
and sagebrush dominate in this region of many flowers and creatures. 
It is a fairyland in early July, in contrast with the lower, hotter, drier 
valley. Douglas fir, balsam fir, spruces, etc. are found on the higher 
ridges and slopes. 

In September, 1929, a party from the University of Utah, consisting 
of Dr. R. V. Chamberlin, three members of his staff (including the 
writer), and three advanced. students motored to the Henry Mts. in 
eastern Garfield Co. Frequent stops were made along the way to col- 
lect vertebrates, mollusks, arachnids, insects, and plants. Three days 
were spent at Fish Lake (elevation, 8000 ft.) where many specimens were 
collected, and two days at Lyman, collecting on and around Mr. Neff’s 
ranch, which is near the Thousand Lake Mountain. 

Mr. King’s ranch, at the western base of the Henry Mts. was reached 
after exciting and tiring adventures with quicksand, mud and washouts 


caused by heavy rains which delayed us an extra day at Lyman. At 
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the ranch we met interesting cowboys and trappers who generously 
provided us with shelter and transportation in the shape of frisky horses 
and old, wise, sure-footed mules. The latter no doubt enjoyed the 
trips, refusing to be hurried, when carrying some of the scientists new to 
the riding game. Shooting from the back of one mule caused him no 
concern and a number of birds were taken in this manner that would 
have flown before one could dismount. 

As one ascended the trail, pinyon pines and junipers were left behind, 
replaced by sagebrush and a belt of magnificent yellow pines, and on up 
into Douglas firs, limber pines, and aspens, and near the top on a north 
slope a grove of Colorado blue spruce and balsam fir. 

Many sheep, cattle, and deer graze on the rich upland pastures; bird 
and insect life is abundant, and doubtless also mammals, but very few 
were seen. We regretted that our plans could not include some days 
and nights to spend in this oasis, surrounded by crimson, purple and 
golden deserts with a faint line of blue to the southeast marking the 
Colorado River. 

On the return trip some collecting was done during an over-night 
stop at Fruita, and a half day spent on a side trip to a large natural 
bridge. Under this bridge the writer took a chipmunk new to him. 

in Cache County, principally in Logan (elevation, 4500-4700 ft.) 
and Logan Canyon up to 7000 feet, and in Boxelder County, the writer 
collected birds and small mammals during the summer and autumn of 
1930. 

The writer desires to thank Dr. R. V. Chamberlin for assistance and 
suggestions given and Dr. Joseph Grinnell and staff members of the 
Museum of Vertebrate Zodlogy and the U. 8. Biological Survey for 
their identification of many specimens. 

Marmota flaviventris nosophora Howell. 

Marmota flaviventris engelhardti Allen.—Woodchucks were seen at the Experi- 

ment Station, Fish Lake, Salt Lake City (foothills), and in Logan Canyon. Eight 
were secured and five skins made. At the Experiment Station (below which 
none was seen) woodchucks were plentiful and tame in a pasture by the station, 
but wild along the road and on the high ridges. Five were easily taken with a 
410 gauge shot gun in aclump of aspens growing among large boulders in the 
pasture. Two skins were made, both of males. Three females were shot in Sep- 
tember by the writer and Mr. Durrant among boulders shaded by aspens at Fish 
Lake. The skins of these three animals vary in color, especially on the lower 
parts, two being quite gray and one reddish. The two skins of the males are inter- 
mediate in color 

Otospermophilus grammurus utah (Merriam Rock squirrels are common 
in Salina and on up to the Experiment Station. They were seen also in Salt 
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Lake City (foothills), in the pinyon pine zone in the Henry Mts. and in Logan and 
Logan Canyon. Seven specimens were secured, all from the Salina region, and 
three skins made. 

These inquisitive, wary rodents were seen in the fields and canyons in the 
autumn and again on March 16, and on through the summer. On May 1, I secured 
a large male in Salina Canyon by knocking it with a stone from the lower limbs 
of a poplar. A male and female were trapped in mid-May at the same burrow in 
an alfalfa field in Salina. One was shot on Gooseberry Creek and one about 15 
miles from Salina, in the canyon. 

The skin taken on May 1 shows the molt in progress, the rump and flanks being 
streaked with gray and rufous, with the hair shorter than on the adjoining mottled 
gray areas. The skin of the female taken in mid-May has a large grayish-rufous 
patch on the rump and back 

Callospermophilus lateralis lateralis (Say Golden chipmunks are conspicu- 
ous in color and habits, hence are soon seen where present. We found them quite 
abundant at the Experiment Station late in July and took ten adults and imma 
ture animals. Only one was seen in the lower Gooseberry region It lay on a 
ledge near the Ivie farm and was easily taken. One was shot at Fish Lake in 


September. Twelve were taken and five skins made 
Callospermophilus castanurus (Merriam Two or three were seen among the 
rocks and sagebrush at the head of Logan Canyon, July 19, 1930. One beautiful 


large male was shot as it sat upright on a boulder watching us 


Citellus mollis mollis (Kennicott This small ground squirrel is abundant 
in the fields, along the roads, and among the lower hills and canyons in Sevier 
Valley. Fifty-six were shot and trapped in and around Salina (mainly for the 
ectoparasites) and three skins made. Not one was seen late in September, al- 
though their numerous burrows were much in evidences On March 16, a number 


were seen in Salina Canyon Invariably, every animal ran to its burrow and 
paused at the entrance until I rode by ,orif ippro iched too el sely it darted down 
its hole, emitting a series of high-pitched notes They were most abundant dur- 
ing April and May, especially on the dumping grounds east of town. On June 5, 
I trapped a very fat adult; by July 20, most of these rodents had disappeared for 
their long sleep Considerable damage is done to crops grown in fields on the 
borders of the valley adjoining the foothills 

Citellus armatus (Kennicott This ground squirrel was collected in Sevier, 
Salt Lake, and Cache counties Many were seen in Boxelder County Thirty- 
two were shot and trapped and fifteen skins made; three from Sevier, one from 
Salt Lake, and eleven from Cache County Che species was seen in Sevier County 
only at the Experiment Station and at the head of Salina C inyon Here on a 


grassy flat by the highway they were numerous and ten were shot on August 2. 


Those skinned were very fat 

Driving into Cache Valley, June 12, 1930, we saw numbers along the roads 
(some killed by autos) and in the fields where they do much damage. Fourteen 
ground squirrels were trapped and shot in the fields during June and July and 
many times as many could have been secured. They were abundant at the head 
of Logan Canyon, July 19. Their mounds and those made by the pocket gophers 
were numerous on the grassy flats in the canyon bottoms. They avoided our 
traps set out one morning, and only two were shot. Ground squirrels taken in 
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July in the valley were very fat. By about August 10, all had vanished for 
the winter. 

Ammospermophilus leucurus leucurus (Merriam).—This antelope squirrel was 
taken only in Sevier County. Three were collected in the foot hills at Monroe 
and one in the low hills at Salina. Several others were seen in and near Salina 
Canyon. This pretty little rodent is not abundant in this region, yet it could be 
found by hunting for it among the lower hills. 

Ammospermophilus leucurus cinnamomeus (Merriam).—One female was taken 
on Neff’s ranch near a brush fence at Lyman. On King’s ranch in the Henry 
Mts., where this species was common, seven were trapped and shot. Another was 
shot among the pinyon pines in the Henry Mts. The ranchers call them chip- 
munks. Four skins were made. The King’s ranch skins are more rufous than 
the skin taken at Lyman 

Cynomys parvidens Allen.—Utah prairie dogs were seen only in Sevier County. 
Two were taken on the Ivie farm nd three it the head of Salina Canyon 

These ‘‘mound builders’’ are common on the farms and grassy flats in the 


Gooseberry region, where they do considerable damage to crops. They are easily 


poisoned in the spring when they emerge hungry from their holes. In Salina 
Canyon, on a grass covered flat by the river, we found a large colony of inquisitive 
“‘dogs,’’ in spite of the highway adjoining the ‘‘town.’’ Were they ever shot at? 
We proceeded to do so and soon found that a mortal wound, rendering movement 
impossible, was necessary to prevent their escaping into the burrows in their death 


struggles. When the effect of their teeth or shoe leather has been noted, one 


hesitates to thrust an arm down a hole in the hope that the victim is within reach. 

Eutamias minimus consobrinus (Allen The Wasatch chipmunk was taken 
in Sevier County at the Experiment Station, on the Ivie farm, at the head of 
Salina Canyon, and at Fish Lake; also in Cache Co. A chipmunk with orange 
sides, possibly this species, was seen near Mt. Ellen in the Henry Mts. A shot 
from the back of a climbing mule went astray and the chipmunk vanished in the 
brush. Thirty one specimens were taken and 12 skins made of adults and imma- 
ture animals 

On the Ivie farm chipmunks were taken in the autumn and the following spring. 
They were common at the Experiment Station in July. None was seen in Salina 
Canyon below the entrance of Gooseberry Creek At Fish Lake in September we 
saw many of these little rodents feeding on the camp garbage dumped some 
distance from the cabins. Running quickly to cover when we approached, they 
soon returned to feed on the rich morsels. Brewer blackbirds and green-tailed 
towhees were also feeding there and the three species m ide an interesting group. 
Nine chipmunks were shot at Fish Lake, most of them at the garbage piles 

Several were seen and one taken at head of Logan Canyon in July Many 
chipmunks, doubtless this species, were seen in this canyon down to the entrance. 

Eutamias quadrivittatus hopiensis Merriam.—At Fruita, September 14, we 
fortunately secured two Hopichipmunks. Two or three others were seen. Their 
light colors blend well with the light sandstones of that region 

Eutamias umbrinus (Allen A female Uinta chipmunk was shot in the thick 
brush in Spring Hollow, a tributary of lower Logan Canyon, July 15, 1930. Sev- 
eral berry seeds were found in its pouches 

Thomomys perpallidus aureus Allen.—Four of these golden-yellow tunnel 
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makers were taken in Sevier County, two on the Ivie farm and two in Salina, 
drowned out of their tunnels in an alfalfa field. On November 14, an adult was 
captured in a special gopher trap about an hour after the trap was set in the en- 
trance of a burrow in e potato patch. An immature gopher was trapped, January 
1, by a straw stack, where it had made extensive tunnels in the unfrozen ground 
protected by the straw. They are quite numerous on the Ivie farm, the lines of 
tunnels marked by mounds being much in evidence 

Thomomys uinta.—We found numerous mounds in the loam of the bottoms at 








the head of Logan Canyon where we camped. Early next morning we were aston- 
ished to see earth in motion on some of the mounds. Presently heads and bodies 
of gophers appeared as they pushed out the loads of earth. Several shots at them 
with the .22 rifle failed. In desperation the .410 gun was lined on a hole and when 
the gopher appeared it was blown out of the burrow and mangled almost beyond 
recognition. Fragments of skull and skin were saved 

Dipodomys ordii longipes Merriam.—On King’s ranch, Mr. Newby, one of the 
collecting party, secured three kangaroo rats. One, an immature specimen, was 


captured alive and caged but it died on our return trip. Numerous mounds with 


several entrances in each were seen along the road between King’s ranch and 


Notum 


Onychomys leucogaster brevicaudus Merriam.—Only one specimen was taken, 


caught in a mouse tr ip set at the entrance of a small hole on the foothills south 
of Salina, Jan. 14, 1929 

Reithrodontomys megalotis megalotis (Baird Four harvest mice were 
trapped in Salina in mid-November by setting traps in runways in a small dry 
meadow of wire grass and sedges. One was taken, also, June 30, in the brush 
by a canal in Logan 

Peromyscus maniculatus rufinus (Merriam At first one is surprised at the 
abundance of these attractive little rodents which seem to be everywhere and 
yet are so seldom seen alive. Traps set in ledges, at entrances of burrows, by 
fences, or in buildings caught these mic¢ A few were taken alive in cage traps 
and one alive, held by tail, in the choke trap. Four or five were killed with a fork 


in a dry alfalfa field west of Salina. One was found in a steel trap, dead and 
covered with wet slime Snake tracks in the dust confirmed our suspicions that 
the mouse, which was too big to be swallowed, was disengorged 

About 50 specimens of the two subspecies were taken; 8 skins of P. m. rufinus 
were saved: Salina, 3; Fish Lake, 4: Lyman, l 

Peromyscus maniculatus sonoriensis (LeConte).—Seven skins of this sub-spe- 
cies were taken: Lyman, 1; Logan and canyon, 6 

Peromyscus truei truei (Shufeldt Three or more big-eared rock mice were 
trapped near Salina, among the ledges inhabited also by desert wood rats. Two 
skins were made 


Neotoma desertorum Merriam.—Desert wood rats were trapped from October 
1928 to September 1929 around Salina, in the canyon, and in the Gooseberry 
Creek region; and on King’s ranch in the Henry Mts. Their vertical range is 
probably not great, at least in Sevier County. None was trapped at the Experi- 
ment Station nor at Fish Lake. Twenty-four were taken and eight skins made. 

Wood rats, like other nocturnal animals, may be quite abundant and yet rarely 
seen. However, rat signs, such as piles of sticks, bones, prickly pears, etc., among 
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the ledges cannot be missed by the most casual observer. Only one rat was seen 





alive and free. This wood rat had built a snug nest of packing under a car body 


on the dumping grounds east of Salina. The entrance to the nest, at the edge of 


the car, was well protected with a mass of prickly pears. This unsuspicious 
rodent was observed at close range and on a later visit photos were taken of it in 
its nest, fully exposed by lifting the car 

The wood rats taken were found in steel traps alive and dead; when dead they 
were often held by the neck The traps were seldom well covered, ch ypped grain 
being dropped on and under the pan. One specimen was found dead, held by one 
eye, ina mouse trap. Another was caught by the neck between the door and edge 
of acage mouse trap. On King’s ranch, a brush fence was well inhabited by desert 
wood rats. Their nests, large piles of sticks, were frequently found. Four were 
trapped in and near the nests, one less than an hour after setting the trap 

Neotoma cinerea cinerea (Ord The bushy-tailed wood rat evidently replaces 
the desert form at highe r elevations One was tr upped in a large ledge near the 
Ivie farm. WN. desertorum was also taken in this ledge. Unfortunately no trap- 
ping was done in upper Salina Canyon, where wood rat signs were plentiful 


In Logan Canyon, August, 1930, a large male was captured by forcing it out 


into a trap from under a large outdoor stove on a camping ground. Two were 
caught in a ledge in upper Logan Canyon in July 
Microtus montanus montanus (Peal Meadow mice of this species were taken 


in Salina and Logan in moist lowlands. About 21 were killed and trapped and 11 
skins made. Late in June, in a hay field by the river in Salina, many meadow 
mice were seen while hauling of the hay was in progress. Twelve were killed 
with forks, a few were kept, and the others dropped after brief examinations. In 
Logar , hine meadow mice were tr pped, July 22, by a sluggish stream in the low- 


lands west of the city 


Microtus nanus nanus (Merriam Che dwarf meadow mouse was taken in 
Salina and Logan in the drier habitats. This species is lighter than M. m. mon- 
tar of the wetter habitats. Twenty-two were captured; 13 skins were made 
and two preserved as alcoholics. One female was captured, April 27, by a boy 


1 
harrowing on the Ivie farn It contained seven small embryos 


In Logan these mice are abundant on the campus and adjoining fields. The 
falfa 


e trigger; no baits 


runways are numerous in the tangled grass along ditches and even in the 
h 





fields The mice trappe d were caug!l when they ran over t 
showed evidence of being touched 

Cary! states, ‘‘In Colorado this small field mouse is largely an inhabitant of 
the boreal zones and is common far above timber line on some of the mountain 
ranges. . M. nanus is found as low as 6,000 feet in the meadows along 
White River.’ 

It undoubtedly has a considerable vertical range in Cache and Utah counties. 
In Salina, marsh hawks were often seen in the fields. In Logan, marsh hawks and 
short-eared owls were seen on every trip to the fields. Skulls, bones, and fur of 
Microtus were taken from the stomachs of a marsh hawk and a long-eared ow! shot 
west of Logan and a short-eared owl shot at Howell, Boxelder Co. 


! Biological Survey of Colorado, North Am. Fauna No. 33, pp. 123-124. 
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Zapus princeps princeps Allen.—Barnes? does not list Zapus, so it was a pleasant 
surprise to obtain two immature jumping mice in an unusual manner. We 
captured a large garter snake, Thamnophis sp., at the Experiment Station and 
placed it in a barrel. Looking in a few hours later we saw two regurgitated mice. 
They were but slightly digested and were identified as this species 

Al irge male jumping mouse was brought in to the University of Utah in April, 
1930, captured by a student in Morgan County The skin is in the University 
collectior A female was trapped in the grass among willows at head of Logan 
Canyon in July, 1930 

Erethizon epixanthum epixanthum Brandt. One male was shot on the Ivie 
farm, April, 1929. When first seen at a distance in the top of a pinyon pine it 


resembled a bird’s nest, where no nest had been seen the previous day. When 
close enough my curiosity was satisfied, but a nearer examination was desired so 
it was brought down with two shots from the .22 rifle Many ticks and some 
biting lice were found on it Numerous trees, mostly conifers, show evidence of 


the work of these rodents 


Lepus bairdii bairdii Hayden. One female in milk was secured at the head of 
Logan Canyon in July She sat unalarmed near some brus mong the conifer 
while I cautiously slipped an extra range shell into the .410 and easily knocked 


her ove! 


Lepus californicus deserticola Mearn The Colorado desert jack rabbit is 
the most conspicuous hare during the cooler months in Sali ind the Gooseberr 
regio! In the summer they are seldom seen in the illey but may be found ir 
the mountai Thirty-five jack rabbits were shot, trapped nd snared, from 
November to May The winter of 1928-29 was unusually severe and many rabbits 
came in to the haystacks and onto the feed grounds among the cattl Rabbit 
brush was eaten freely and furnished shelter we The weight of the snow 
bent the brush down and beneath these bowers the packed sno nd excreta told 
of many inhabitant Scores of rabbits were riven out of the sage and rabbi 
brush on each of many hunts on the Ivi ri 

At Lymar in Septembe! rm ( ch tw snot Mar maggots were 
found in an open sore on its rum] Numbe of jack rabbits were seen in Boxelder 
County in July, 1930, and one shot near Snowvills 

Sylvilagus nuttalli grangeri (Aller The Black Hills cottontail, according 
to Nelson,’ is found in most of Utah In my collection is a skin of one female 
taken, when in milk, in Cache Valley, near Logan, late in July, 1930 Several 
cottontalls were een in Sevier County and one tr pped ll December on the l€ 
fart The cottontails here were wary and hard to shoot and tray 

Sylvilagus auduboni warreni Nelson.—On King’s ranch we found many cotton- 
tai not too wild nd twelve or more were shot Ons kin was saved and 


Pipistrellus hesperus hesperus (H. Aller The most interesting feature of 
the evenings spent on King’s ranch was the abundance of b flitting about the 
house and corrals [wo distinct sizes were seer One was dropped with fine shot 

nd one knocked down by Professor Fiske with his fly rod The smaller on 


proved to be of this species 


Utah Mammals, Univ. Utah Bul. 12 
North Amer. I 1una No. 29 
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summer evenings it 


The 


enlivened by large and small bats darting a 


Eptesicus fuscus subsp 


Two specimens were secured in Salina 


All were saved und alco 


open spaces 
them by shooting. is skins 


is a fairly steady flier so than the smalier bats 


to m uke 
Mustela arizonensis 


more 


such attempts very interesting 


Mearns \ 


in the winter hunting 


white mounta 


times on the Ivie farm 
showed clearly. Late in December one was trapped, pure white with tip of 
tail black 

At the Experiment Station, in July, a brown weasel was examined. Two boys, 
sons of a ranger. reported killing it when it rar t them They used clubs and the 
skull w badly crushed 

At Fish Lake large weasel was seen sitting upright on a rock A shot failed 
to get it A short time later it, or another, was seen pursuing a chipmunk. A 
den w four mong t rock partl the musky odor A brown 
wease A see! est Logan 1 Jul 1930, hur ng along stream 

Utah State Aaricultural College, Logan, Utal 
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During the summer of 1928 one female and two male R. m. megalotis 
from Carrizozo, New Mexico, were added to the now increased Alamo- 
gordo stock. Besides, these, six female and two male R. m. nigrescens 
from Prescott, Washington, were sent in during thissummer. Unfortu- 
nately, the males were killed by their cage-mates before the year was 
out and before any breeding had taken place. 

The dispositions of the R. m. nigrescens females were markedly 
ferocious. Four out of the six females killed at least one cage-mate. 
The R. m. megalotis mice also indulged in killing each other, but to a 
distinetly less degre« These females often killed or ate their newly- 
born litters, which procedure may have been due to a diet deficiency. 
The cannibalistic tendencies of the harvest mice and their nervous dis- 
positions together with the fact that the femaies are evidently not in 
oestrus immediately after the birth of a litter, made a life history study 
extremely difficult. However, some information was obtained concern- 
ing the period of gestation, development of the young, average duration 
of life in captivity, and the interfertility of subspecies 

The methods employed for learning the length of gestation of these 
mice were the same as those used by A. Svihla (1929). As the females 
were not necessarily in heat immediately after the birth of a litter, a 
more or less trial and error method of mating had to be resorted to. 
The breeding was therefore extremely sporadic. The males were intro- 
duced into the cages of the females during the afternoon or evening and 
removed the following morning The pe riod of gestation was calcu- 
lated from the date of introduction of the male to the date upon which 
the young were born. In this manner, two periods of 24 days were 
recorded for R 


n. megalotis female No. 11, and one period of 23 days 
for R. m. megalotis female No. 2. Upon another occasion, although the 
male was not removed from the cage of female No. 2, a litter was born 
23 davs after the date of introduction of the mal R.m. nigrescene 


female No. 5 was mated to R. m. megalotis male No. 2 on January 


27, 
1929, and gave birth to a litter of young on February 21. The mal 
had not been removed from the cage, so the pe riod of gestation was not 
necessarily exact, but could be no longer than 26 days in this case. 
Twenty-five litters of mice were born in captivity during the period of 


observation. Of these, 18 were from I. m. megalotis matings; 4 from 
R. m. megalotis males mated with R. m. nigrescens females, thus in- 
dicating subspecific fertility; 2 from males of this subspecific cross bred 
to 2. m. megalotis females; and 1 from a male of this subspecific cross 


bred toa RR. m. nigrescens female. 
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Litters numbering from 1 to 7 young were born in the laboratory. 
The number of young per litter was distributed in the following manner: 
7 litters of 1 young; 6 of 2 young; 5 of 3 young; 6 of 4 young; and 1 of 
7 young. 

The newly-born young were pink, hairless, and blind, and weighed 
1.5 grams each. Within 24 hours after birth the pigmented dorsal 
stripe appears and becomes darker each day. The belly remains pink 
in color. By the fi 


pon the back, so that by the time the mice are a week 


fth day, hair becomes visible first upon the head 


egion and then u 


y 


old, they are covered with pigmented hair except upon the belly, which 


still remains pink. At this time the young mice of the subspecific cross 
are distinctly buffy about the ears xe pt for this, they are super- 
ficially indistinguishable from the R. m. megalotis young. Silvery 
white hair becomes noticeable ut the bellies of the mice by the time 
they re ll days old The R.9 meqgatot young ope! their eyes when 
they are 12 days old, while in the mice of the subspecific cross this was 
accomplished in 11 day By the time the eyes are open the young mice 
begin to eat solid food and gradually become weaned, although they 


are not entirely independent of their mother until they are at least 19 


days old 

The youngest age at whicl male or female has been found to breed 
Is four months and eight days The se were R ) ) 1alot mice of 
the same litter, born July 7, 1927, and first bred November 15 of the 


same year. The female No. 2 proved the most prolific mouse of the 
entire stock. She produced 7 litters totalling 17 young, or an average 
of 2.4 young per litter, ina year’s time. After this, however, she did not 

eed, although she was mated several times 

Owing to the general pugnacious dispositions of these mice, the aver- 
age duration of life in captivity was not very long. The average span 
of life for 14 R. m. megalotis mice in the laboratory was 11 months, but, 
of course, this cannot be taken as any indication of their length of life 


in the wild state 
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HABITS OF THF LOUISIANA MINK (MUSTELA VISON 
VULGIVAGUS) 


By ArtTHuR SvIHLA 


While engaged in investigating the life histories of the fur bearing 
animals of Louisiana, during 1926-27, I had a chance to study the mink 
of this region. This work was carried on under the auspices of the 
Louisiana Department of Conservation, to which I am indebted for the 
opportunity to publish these notes. 

A pair of adult minks, captured alive on Marsh Island, Louisiana, 
during December, 1926, were brought to Morgan City for observation. 
They were seen to copulate on January 29, 1927. The next morning the 
animals were separated and kept in different cages. Seventy-five 
days later, April 14, five young were born. Because of a hurricane the 


night after the young were born two of them died and another died 


when 12 days old. These were preserved as alcoholic specimens and 
are now in the collection of the United States National Museum. All 
previously reported breeding information on minks gives the period of 
gestation as varying from 40 to 60 days Coues, says that the gestation 
period in Mustela vison vison is six weeks Seton also says that it is 
six weeks, and in his ‘‘Lives,”’ he quotes from a letter from Mr. McClin- 


tock who offers the following theory, “some minks are quite normally 


born in a more advanced state than others. This might account in 


part for the wide range of statements as to gestation period, namely 


from 42 to 60 days or more.2 With this possibility, the long period of 
gestation reported above is perhaps not so unusual as it first appears, 


particularly when we consider the state of the young at birth. 

Writers on the subject have usually stated that the young are born 
hairless. However, the young of the litter we observed were found to 
be covered with a coat of fine, short, silvery-white hair that contrasted 
very markedly with the ruddy color of the skin. The neck region was 
well developed, the muscles bulging noticeably here. The young were 
blind at birth and one young weighed 5.9 grams; another that died 


during the hurricane weighed 6.5 grams, so one may say that at birth 


these minks weighed about 6 grams. In size they were about as long 
as one’s little finger. 
Raw meat was fed to the young at the age of 32 days, five days before 


their eyes opened. The parent cut the skin at the back of the neck of a 


1 Fur-Bearing Animals, p. 182, 1877. 


2 Lives of Game Animals, Vol. 2, p. 536, 537, 1926. 
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; 


ton rat given it, and the young were seen to chew lustily on the ex- 


col 


posed flesh. On several other occasions, before their eyes opened, I 
observed them feeding on solid food. 

When 42 days old, the young first came out of their nest box and 
wandered about on weak, wobbly legs. The very solicitous mother 
mounted guard at the entrance of the nest box, and if the youngsters 
were too ambitious and wandered too far, she picked them up in her 
teeth by the nape of the neck and carried them back to the vicinity of 
the nest box. At first the mother allowed the young to be out for a very 
short time only, but this interval was increased as the young minks grew 
stronger, until when about 50 days old they were out most of the morn- 
ings and evenings. As they grew older and stronger they became more 
active and spent a great deal of their time playing a very strenuous game 
which consisted of biting and tumbling each other about, perhaps 
playing at hunting. One young mink would stalk the other and then 


pounce upon the unsuspecting ‘‘victim.’’ Then the rough and tumb- 


ling would commences The “‘vietim’”’ would attempt to protect itself 
by lying on its back with its feet upward. The other mink would 
attempt to bite the abdomen of the one down and if successful would 
olive the othe mink a good strong shak This came was always ac- 
companied by a great deal of hissing, squealing and growling from both 
participants. It was amazing to observe such rapid movements in 
+} 


nese young animals 

The minks were weighed at various times; the following weights, 
though usually based on one individual, give an indication of their 
growth: April 14, just born, 5.9 grams; April 15, one day old, 6.5 grams; 
April 20, 6 days, 11.2 grams; May 21-22, 37-38 days, 126 grams; 
June 3 (male), 50 days, 175 grams; June 3 (female), 50 days, 184 grams. 
Within two weeks after birth, the silvery-white hair gives place to a 


le 1 h-g7 Ly. The new hair is dull and lacks the luster of adult 


pak reddis] 
hair. Because, perhaps, of the dropping out of the silvery-white hairs 


this coat developes into one of a very dark red-brown. This fur also 
lacks the lustrous guard hairs and is very dull and fluffy in appearance. 
These minks were fed chiefly upon mice, rats, rabbits, crayfish, crabs, 
and bird carcasses. Live cotton rats (Sigmodon hispidus hispidus) 
were placed in the cage with an adult mink. The mink always at- 
tempted to seize the cotton rat by the nape of the neck. Then rolling 
on its side it would grasp the rat with its forefeet, at the same time 
scratching it with its hind feet. Usually one squeak was all that was 


heard from the cotton rat. The mink would then carry the rat into the 
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One cotton rat, weighing approxi- 


nest box and come out for more. 
One meal 


mately 100 grams, was enough for one adult mink a day. 
a day was found to be sufficient. These minks persisted in carrying 
their food into their nest boxes, and as they never completely consumed 


the food given them, it soon became putrid, necessitating the frequent 


cleaning of the nest. 
With the exception of this habit of leaving all food in their nest boxes, 


minks were very cleanly. One corner of the cage was reserved as a 


After defecating the minks squatted and rubbed the 


defecating post. 
They liked to lie flat on their bellies, 


anal region on the floor of the cage. 
with neck outstretched, and rubbed this area on the floor of the cage by 


dragging themselves lazily along. 
[ have often observed the minks of both sexes rub their perineal region 


on the edge of a water pan in their cage. Seton describes a similar ac- 


tion in the marten. This suggests that rubbing of glands may be of 
recognitional or informational value, used in the same manner as the 
urinating of dogs 

These minks made a hissing and whistling noise that the residents of 
To them this “‘blowing’”’ is supposed to be a 


the region call “‘blowing.”’ 
If frightened, as when caught in a trap, minks 


sign of extreme ferocity. 
a high pitched squeal that is always accompanied by a nauseating 
perineal glands. A noise sounding very much 


’ is made when the minks are only slightly excited, 


rive 
discharge from the 
like “fuddah-fuddah’ 
nervous or displeased 


Museum, Pullman, Washington. 


j 
( hid ~ = Oo7nTle 

















VON BLOEKER PEROGNATHUS PACIFICUS FROM TYPE LOCALITY 369 


PEROGNATHUS PACIFIC US FROM THE TYPE LOCALITY 
By Jack C. von BLOEKER, JR 


Perognathus pacificus Mearns, was described August 31, 1898, from 
a series of three specimens taken by Dr. Edgar A. Mearns and his 
assistant, Mr. Frank X. Holzner, in July, 1894, in the vicinity of Monu- 
ment No. 258, United States-Mexico Boundary, San Diego County, 
California. Several attempts were m ide thereafter to secure additional 
specimens without success. However, in September, 1903, Mr. Frank 
Stephens secured an adult female specimen of P. pacificus at San Onofre, 
San Diego County, California, nearly seventy miles north of the type 
locality. The original three are in the collection of the National Mu- 
seum and the fourth isin the collection of the San Diego Society of 
Natural History 

Since the capture of Frank Stephens’ specimen at San Onofre, re- 
newed attempts were made to secure specimens of this apparently rare 
little pocket-mouse. Mr. Stephens, (in conversation, July, 1931), has 


assured me that there have been at least a thousand trap-nights spent 


at the type locality without success 
The writer spent a week during July, 1931, in San Diego, trapping in 


the vicinity of Monument No. 258 in the hope of securit 


gy some topo- 
type specimens. As everyone else has apparently done, the mistake 


was made of trying to trap for P. pacificus on the ocean shore in the im- 


mediate vicinity of Monument No. 258. However, the evening of July 


20, on the way back to San Diego, after having set all my traps, and 
while crossing the bed of the Tia Juana River, I observed a California 
cuckoo perched in a small willow in a field of weeds. After stalking it 


for some time, I followed it quite a distance into the field from the road. 
On the way back to the car it was observed that the ground was lite rally 
covered in small open areas with the burrows and signs characteristic 
ol pocket-mice. [It was determined that the next day a line of traps 


would be set in the new-found field, and sure enough on the morning of 


July 22, the writer was rewarded with three adult specimens of P. 
pactficu This same field had been passed on at least three previous 
trips to the boundary without the slightest thought that there were 
pocket-mice living there, and it is certain that if it had not been for the 
cuckoo it would never have been investigated For on thing, the writer 
has always found silky-haired pocket-mice in more or less open sandy 
country with scattered vegetation, in desert regions. This field gave 


the appearance from the road of being covered by a dense growth of 
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weeds and brush. However, after I entered the field, small open spaces 
of alluvial river-bottom sand were encountered that make an ideal situa- 
tion for pocket-mice. 

The morning of July 23, there was absolutely no catch, not even a 
Peromyscus! From July 24 to 26, seventeen skins and eighteen skulls 
were secured. 

After returning to Los Angeles the find was reported at the Los 
Angeles Museum. It was immediately decided that Mr. George G 
Cantwell, of the museum staff, and the writer should return to the 
Mexican boundary in an attempt to secure a series for the museum. 
July 29, six were secured from two hundredtraps. The following day 
four were taken from the same number of traps and on July 31, eleven 
were taken from a line of two hundred and fifty traps. Four of thess 
were kept alive for future study 

An attempt was made to secure some data on the life history of P 
pacificu Photographs were taken, samples of flora collected and 
chee k-pocket contents noted. The two series of pocket-mice were 
obtained from three separate fields in the bed of the Tia Juana River 
near its mouth. In two of the fields, fox-tail, or barleyweed (Hordeum 
murinum ), salt grass (Distichl spicata , ice plant (M ese mbryanthe mur 
crystallinum), star thistle (Centaurea melitensis), and telephone weed 
(Heterotheca gran liflora) were the predominating plants. In the othe 
field arrow-weed (Pluchea sericea), telephone weed, salt. grass, ice plant, 
and Croton californicus were the predominating plants 

In one field Perognathus pacificus was associated with Peromyscu 
maniculatu gamoe ‘ Re ith “odontom f le 1aloti lor gicaudus, and 
Dipodomys agilis simulan In another field Retthrodontomys meqaloti 
longicaudus was the only mammal trapped in association with Perog- 
nathus pacificus, while in the third field P. pacificus alone was taken (six 
from seventy traps Cotton-tail rabbits, (Sylvilaqus audubonii sancti- 
diegi), were abundant, and ground squirrels (Otospermophilus gram- 
murus beecheyi), were common throughout the locality 

From the numerous burrows and tracks in the sand, apparently good 
sized colonies were present wherever trapping was done, but the animals 
were found to be exceedingly difficult to catch. The first bait of rolled 
oats failed to attract them, and the best success was attained with 
mixed canary bird seed, and even this was often ignored. Practically 
all the traps were visited by pocket mice during the night, as evidenced 


by the tracks about the traps. Doping the traps with anise seed oil was 


also tried but with no apparent success 
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During trapping operations about fifteen tails of the pocket mice were 
found in the traps, but on only one occasion was one of these tail-less 
animals taken later. From this we judged the species was riage in 
the particular f fields inhabited by them, although their available renge 
here is greatly restricted by cultivation on practically all sides, and also 
by the fact that the Tia Juana River bottom is subject to overflow dur- 
ing occasional seasons of heavy rainfall. 

Ants were a great pest, not only robbing the traps of bait, but eating 
the animals in the traps. A species of small lizard was living in some of 
the old pocket-mouse burrows and gr: shores rs swarmed all over the 
place, springing many of the delicately set traps. 

’f the twenty specimens collected between July 22 and July 26, two 
had seeds other than trap bait in their cheek-pockets, as had six of the 
seventeen taken between July 29 and 31. The cheek-pockets of an adult 
female collected July 24 contained two seeds of Heterotheca grandiflora, 
three seeds of Ho deum mu m, and four trap bait seeds; an immature 
male collected July 26 ha 


| th 
an immature male collected July 29 had thirteen seeds of Pluchea sericea, 


fift , hres seeds ( Hete eca grandiflora; 
and one trap bait seed; an immature female collected July 29 had nine- 
teen seeds of Heterotheca grandiflora, seven seeds of Chrysothamnus sp. 
and four trap bait seeds: an immature male collected July seal ie 
seeds of Hordeum murinum, and sixteen trap bait seeds, among them 
five were of timothy grass; an immature male collected July 30 had 
ae ee ee Jornicu an adult male collected July 31 had 
three seeds of Hordeum murinum and ten seeds of Centaurea melitensis; 
an immature mal siesta July 31 had two hundred and twenty-six 
a re In no instance was green food found 
th pouches 

Of the thirty-seven specimens taken during the two trips, only twelve 
seem to be adult. the rest immature Ons specimen ate adult sidan 
no. 2715, L. A. Mus.) is very similar in coloration to an adult male (no. 
2304, L. A. Mus Perognathu ongimembr "ea Rata “i a. 
Willett iz Cajon Wash., San Bernardino ‘ ounty, California. rt ie 
however, slightly darker and measures a trifle smaller The above 
mentioned rains of P. pacificus measures: Total length, 124 mm.: 
length of tail, 62 mm.; hind foot, 17 The spt cimen of brevinasus com- 


pared with it measures: T.]., 128 mm.; T., 64 mm.; H.f., 18 mm. 


Average measurements of twelve adult specimens of Perognat/ pacifi are 
as follows: Total length, 124.25 mm.; tail, 62.2 mm., hind foot, 17 mm., ear (from 


crown), 5.75 mr 
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Largest male measures: T.1., 127; T., 63; H.f., 17; Ear, 6. 
Largest female measures: T.1., 125; T., 65; H.f., 17; Ear, 6. 
Smallest male measures: T.1., 119; T., ee H.f., 17; Ear, 6. 
Smallest female measures: T.1., 117; 7 ., 56; H.f., 17; Ear, 6 
Average measurements of fifteen vats specimens of P. pacificus are: T.1., 
115.6; T., 57; H.f., 16.5; Ear, 5. 
Largest measures: T.1., 122; T., 60; H.f., 17; Ear, 5. 
Smallest measures: T.1., 100; T., 5 52; “Th 16; Ear, 4.5 


The writer wishes to express his thanks to F. R. Fosberg, of the Botany 
Department of the Los Angeles Museum, for identifying the plants and 
seeds obtained. 


Los « 1 ngeles Museum, Exposition Park . Los « 1 ngeles, California. 


SEASONAL PELAGE DIFFERENCES IN PEROMYSCUS 
By R. R. Huestis 


In connection with a genetic investigation of color differences in geo- 
graphic races of mice, I had occasion to devise a method of recording 
pelage color in a numerical way. The method is simple, although the 
routine of carrying it out is somewhat tedious. Flat skins are made 
of the pelages to be measured (5) and from a constant position upon the 
reverse side a sample disk of skin, with its attached hairs 


, is removed, 
and examined under a low-power Salen 


Hair counts are then made 
and the percentages of small fur hairs, of the larger banded hairs, and 
of the (largest) black overhairs are estimated. The disk of skin removed 
is 1.5 mm. in diameter and contains from 200 to 600 hairs (2). 

Dark looking mice are found to have more fur hairs and more of ft 
black overhairs. Light mice have more of the larger type of banded 
hairs. For example, the average percentages, in round numbers, of 
these different types of hairs in samples of mice from three different 
localities are as follows: 


TABLE 1 
LOCA maengay —— F H 
. ‘ ERHAI AN HAIRS . " 
Oregon coast . : 16 8 76 
Oregon sagebrush 10 25 65 
Mohave desert 5 


5 33 62 














HUESTIS—-SEASONAL PELAGES IN PEROMYSCUS 373 


It may be added that mice in intermediate regions are intermediate in 
the percentages of different types of hair, and that identification of these 
types is unaffected by the fading of cortical pigment, a matter which 
commonly takes place as the pelage gets older. It was this latter cir- 
cumstance which suggested the procuring of the figures to be presented. 


rABLI 


Hai count of Peromyscus m ub 


~ 
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B c 
Port Winter number 1,619 1,164 9 ,028 6 (11,817; 31) 381 
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Port Summer number 1,183 588 6,017 4 | 7,792| 25) 312 
Orford ; 
Eugene Winter number 3,013 1 , 78¢ 12 896 9 17,704 43) 412 
Eugene Summer numbe 1.820 92 ) 104 1 '11.850 51 82 
All Winter number 7.055 846 32 SRS 17 43 306 108 401+-8.4 
° c | j; 
All Summer number 4,314 1,973 20 ,947 9 (27,243) 81/336+6.7 
g ( 
Difference % 0.5+.401.72 } 2.1.50 65+10.7 


inpigmentex 


Che hairs not identified for type ar 


I had available for this analysis 189 spt cimens of Peromyscus manicu- 
latus rubidu: trappe d at three different localities. Flat skins of 108 of 
these were prepared during the months October to March, inclusive, the 


remaining 81 being put up during the remainder of the year. Although 
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molt may take place at any time, the division of the material decided 
upon presumably throws the majority of fresh pelages into the winter 
group, with a concomitant weighting of the other group with “‘worn’”’ 
coats (1). 

The results obtained by thus dividing the material into winter and 
summer pelages are presented in table 2. 

It may be observed from the table that winter pelages have more 
hairs, at the point of sampling at least, than summer pelages. This 
would be expected, forindividual hairs, which fall out, are not immediately 
regenerated. The thinning of the pelage, through loss of hair, is pre- 
sumably one stimulus of pelage renewal. All types of hairs tend to 
fall out but this phenomenon is most pronounced in the larger banded 
hairs, and least pronounced in the small fur hairs. 

The larger hairs of the pelage, both banded and all black, are more 
likely to come in contact with objects in the environment, and they ar 
broad distally and have a narrow base. These circumstances would 
occasion their relatively greater loss, in comparison with fur hairs, for 
the latter are not only shorter but have the same diameter from base 
to tip. Why the large banded hairs should be lost more often than the 
still larger black hairs is not known. The latter type may be more 
strongly implanted in the hair follicles. 

A reduction in the proportion of the larger banded hairs should make 
the summer pelages look a little darker, for darker mice have a smaller 
proportion of these hairs. As a matter of common knowledge summer 
pelages look paler, or at least browner (4). This appears to be largely, 
if not exclusively due to the fading of the cortical pigment of the hair 
tips. This difference between old and new pelages is very obvious in 
many specimens which have regenerated the pelage after its removal 
from one side of the back, and appears to be present to some extent in 
all specimens thus experimented upon (3) 

It is an interesting fact, therefore, that cortical pigment is largely 
deposited at the apical ends of the hairs, that is to say, in a position to 
be most affected by light. Thus a somewhat correlative change of 
color in the mouse accompanies the changing hues of the vegetation, 
as the season advances. It is just another instance of the intimate ad- 
justment between the animal and its environment. This adjustment 
becomes more obvious the more we study it; and, incidently, does not 
do that much belabored theory of protective coloration any particular 
harm. I might add, since the term worn has a number of connotations, 
that in Peromyscus the hair tips never show any signs of actual wear, 
blunting or breakage. 
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Some immature (postjuvenal) specimens are included in the samples 
used for the figures in table 2. I have ascertained that their inclusion 
does not produce the significant differences to be noted. It should be 
remembered, too, that the division of the material in terms of season, 
probably includes a number of worn pelages in the winter and fresh 
pelages in the summer group. The actual differences between pelages 
freshly acquired, and those much worn, are presumably much larger 
than those itemized in the table. 


SUMMARY 


1. A division of 189 Peromyscus maniculatus rubidus pelages into two 
groups, prepared in the months October to March and April to Sep- 
tember respectively, showed summer pelages to have fewer hairs of all 
types 

2. Summer pelages had a smaller percentage of large banded hairs 
and a larger percentage of the small f 


ir hairs, the percentage of the 
black overhairs being about the same 

3. Since such differences would presumably produce a relative dark- 
ening of pelage color, it is argued that the lighter color of summer pelages 
is largely due to the fading of cortical pigment at the hair tips 

4. It is pointed out that the deposition of cortical pigment, largely 
at the hair tips, and thus closest to the light, may be an adaptive char- 
acteristic: the fading of the pelage will accompany the decomposition 


of chlorophyll in the surrounding vegetation. 


Unive rsity of Ore gon, BE iene, Uregon. 
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METHODS OF INDICATING THE ABUNDANCE OF 
MAMMALS 


By Lee R. Dice 


For many kinds of ecological studies dealing with mammals it would 
be very valuable if the number of individuals of each species per unit 
area in each type of habitat could be known. As a basis for the de- 
velopment of policies for wild life management also it is highly important 
to know the abundance, in the various districts concerned, of the several 
species under consideration. 

Unfortunately, it is extremely difficult to count wild mammals. 
Many species are nocturnal and all are more or less shy and hard to 
observe. It is very difficult even to determine the number of beavers 
living in one house, for the animals move about a great deal, and the 
whole family will almost never be in view at the same time. To count 
the less conspicuous forms and those less restricted to one locality is 
practically impossible. 

A mammal census might be made on a small area by killing and count- 
ing all the individuals of all the species living there. Care would have 
to be taken that during the course of the census individuals would not 
leave the area or wander in from the adjacent areas. It would, more- 
over, be difficult and very laborious to shoot or trap every individual 
on an area of any considerable size, yet it is necessary that such an area 
should be large enough to contain a representative natural assemblage 
of all the species The difficulties would be so great as to make the 
method usually impracticable. Furthermore, the method would be 
unsuitable for those studies in which it would be desirable to retain the 
fauna in natural condition. 

Another possible method of making a mammal census would be to 
catch the animals in live traps and release them after numbering and 
marking, so that if they are caught a second time they would not be 
counted again. This method would produce some disturbance in the 
area, but by no means as much as would be caused by killing the popu- 
lation. It also would require a great amount of labor, and it would be 
difficult ever to catch all the individuals of some of the more shy species. 
As actual counts of the number of individuals of each species of mam- 
mal per unit area are impracticable it would be very useful if some 
method could be found for securing a measure of relative abundance, 
and several such methods have been suggested. 


The relative terms: rare, few, numerous, common, and abundant, 
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or similar expressions, are commonly used by ornithologists as a scale of 
abundance for birds, and they often have been employed, and usefully 
so, by mammalogists. These terms, however, are rather indefinite, and 
no two persons, even if both are trained observers, will use the scale in 
the same way. Furthermore, it is well known that the same observer 
will unconsciously use a different grading for each different kind of 
animal. For instance, the wolf might be ranked as ‘“‘abundant’’ when 
it was far less numerous per square mile than the chipmunk ranked as 
“few” or “rare.” 

A method of stating abundance of small mammals in terms of “‘trap- 
nights’ was at one time suggested by Grinnell.!_ The total number of 
traps set in each habitat is multiplied by the number of nights they are 
set. But there are several difficulties in the use of “‘trap-nights” as 
units: All mammalogists are not equally skilled in the setting of traps; 
the distance the traps are set apart varies; the weather conditions un- 
doubtedly influence the activity of the animal and therefore the number 
coming in contact with the traps; the several makes of traps vary in 
their effectiveness for the different kinds of mammals; the traps them- 
selves vary in efficiency depending on their previous use and exposure 
to the weather; and the number of 


animals caught usually decreases 
each night the trap-line is set. 

It is obvious that each mammal taken on a trap-line decreases tempo- 
rarily the number of individuals available to be caught, and, therefore, 
the catches of the “first, trap-nights”’ are more nearly comparable than 
the catches of all the “‘trap-nights.”’ One season in Michigan I kept a 
record of the catches of the “first trap-nights,”’ as well as the total catches 
from each habitat.2 Several characteristic but somewhat rare species 
of small mammals failed to be caught on the first nights, but were taken 
on the same trap-lines on later nights. For the larger species the method 
is obviously very inadequate. I conclude, therefore, that the number 
of individuals trapped per “first trap-night’’ does not give a fully reliable 
index of the relative abundance of the several species living in a habitat. 

Taylor® has suggested several methods of measuring the abundance 
of rodents on the range. Besides actual counts of the number of indi- 
viduals and counts of the number of each species taken per trap-night 
per unit area he has experimented with counts of animals seen along a 
line of known length, with counts of the number of animals killed at 


1 GRINNELL, JosepH. Univ. Calif. Publ. Zool., vol. 12, p. 92. 1914 
2 Dice, L. R. Occ Papers Mich. Mus. Zool., no. 86, pp. 6-13 1920. 
*Taytor, W. P. Ecology, vol. 11, pp. 523-542. 1930. 
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stations where a standard amount of poisoned wheat had been placed, 
with counts of burrows or rodent workings per unit area or per unit of 
distance traversed, and with counts of number of fecal pellets of jack- 
rabbits and cottontails per unit area and per unit length of transect. 
Some of these methods offer considerable promise of securing valuable 
information about the relative abundances of certain species, but the 
indication is that somewhat different methods must be employed for 
each different kind of mammal studied. 

Kenoyer* has suggested that the relative abundance of mammals and 
other animals might possible be expressed by the method developed for 
plants by Raunkiaer and by Gleason.’ The method proposed avoids 
the counting of the number of individuals of each species on each unit 
area studied. A number of unit areas (quadrats) of equal size are laid 
out in the same type of habitat and the occurrence of each species listed 
foreach quadrat. For best results 25 to 100 quadrats should be counted. 
If a species occurs in all the quadrats it has a frequence of 100 per cent; 
if in only one quadrat out of 25 it has ynly ! per cent frequence. The 
quadrats can be of any uniform size large enough to contain a good sample 
of the flora or fauna of the habitat. It is found by Raunkiaer for plants 
that the species of low frequence, the rare forms, are greatest in number; 
there may be a moderate number of species of high frequence (domi- 
nants) ; but the forms of intermediate frequence are fewest in occurrence 

The difficulty of securing a complete or nearly complete list of the 
mammal fauna in each of a number of small areas would be considerable, 
and the method needs some modification to be made useful for studies 
of mammalian abundance. By recording the species of mammals seen 
in passing through each of a series of unit distances, say each 100 paces 
along a path, or the species trapped in each unit of, perhaps, 25 traps 
this method might be of value. 

As an example of a possible useful method of a similar character as 
applied to a single species I will mention a study of the abundance of 
snowshoe hares. This study was made for the Michigan Department 
of Conservation and in the northern peninsula of Michigan. The 
period of field observation extended from August 21 to 29, 1927. I drove 
in an automobile over the main highways of the pe ninsula, stopping 
every 10 to 30 miles, wherever the cover seemed suitable for these ani- 
mals, and examining the area immediately adjacent to the road for the 
characteristic pellets and runways of the hares As no other species 

‘Kenoyer, L. A. Ecology, vol. 8, p. 346. 1927 

*Grieason, H. A. Bull. Torrey Bot. Club, vol. 47, pp. 21-33, 1920. 
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of rabbit or hare occurs in the region there was no danger of confusion 
with any other form. Altogether 37 places were examined, and of these 
33 yielded fresh signs of the presence of the animal. This would be a 
percentage of 89, and might be considered to represent a fairly good 
population of hares. The fact that hares were fairly numerous in suit- 
able cover was corroborated by the statements of residents, and by find- 
ing hares lying dead in the road, where they had been killed by automo- 
biles. With a larger number of observations from localities selected at 
random it would have been possible to obtain comparative statements 
showing the types of habitat most favored by the hares, and also the 
sections of the state where they were most common. It should be borne 
in mind that in the above study only apparently suitable situations were 
examined and that the relative abundance of 89 per cent obtained does 
not apply to the whole territory, but only to the most favorable parts. 
If the areas for examination had been selected at random, for example, 
every 10 miles exactly, the percentage of signs of occurrence would have 
been much lower 

Although the method here employed for securing a measure of the 
relative abundance of snowshoe hares might be adapted to other indi- 
vidual species, it is clear that this method would not usually give a re- 
liable measure of the abundance of one species compared to that of another 
species of somewhat different habits. The method of determining the 
abundance of each species must be adapted to the habits of the animal 
studied, and methods which would apply to snowshoe hares would not 
be useful if applied to deer 

The substitution of time units for space units in enumerating species 
or individuals of animals has been suggested by Grinnell and Storer® 
and by Linsdale,’ and I have suggested a combination of these proposals 
for field studies of bird abundance.’ By this method the species or 
individuals seen or secured per day or per hour are listed and these time 
units substituted for the quadrats (space units) of the plant ecologists. 
This method might be adapted to a comparison of the abundance of a 
particular species at different places or at different times. But the 
method, although probably very useful as applied to birds or perhaps 
for certain kinds of diurnal mammals, would not seem suitable for com- 
paring the numbers of the several species of mammals which inhabit 

GRINNELL, JosepnH, and T. I. Store Animal Life in the Yosemite, p. 22 

1924 . 

7 LINSDALE, JEAN. Condor, vol. 30, pp. 180-184. 1928. 


> Dice, L. R. Auk, vol. 47, pp. 22-24. 1930. 
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one region or one ecological habitat. Too few mammals are abroad in 
the daytime to permit anything like a complete record of the fauna of 
any area by sight observations alone, and if we depend on trapping 
apparently nothing would be gained by using time units. 

It is my opinion, after considerable field experience, that the most 
satisfactory method so far developed for expressing relative abundance 
of mammals is to list the number of individuals of each species taken or 
observed in each ecological habitat during the period of field work.® 
Individuals seen but not trapped should be included in the lists only if 
positively identified as to species. I have made it a practice to include 
in the lists those species recognized in the habitat only by signs, and 
also those reliably reported by other observers, indicating in each case 
the basis for including the form. 

I would urge the desirability of placing each trap-line entirely within 
one type of ecological habitat, and also of recording all observations 
according to habitat. By so doing it is easy to list the mammals from 
each kind of habitat separately, and the ecological distribution of the 
mammals can be determined at the same time as the mammalian fauna 
of the region. 

The comparative abundance of the several species within one habitat 
might be expressed in percentages of the total number of individuals 
of all species taken or seen in that habitat. But such a percentage 
comparison would give a false appearance of precision. The trapping 
methods employed for the larger species are very different from thos 
employed for the smaller forms and the results obtained are not exactly 
comparable. 

If it is desired to compare with some exactness the abundance of the 
various species of mammals in various habitats or in different regions, 
the amount and quality of the trapping and observations should be equal 
in each place. This, however, is impracticable. Actually the figures 
of abundance obtained apply with fair accuracy only within one habitat. 
Even within the same habitat the catches of the several species will not 
indicate the true comparative abundance, because the traps and trapping 
methods employed will always favor some species at the expense of thi 
others. Nevertheless, a statement of the numbers of individuals of each 
of the several species found in each of the habitats in an area does giv 

rough indication of comparative abundance. 


* Dice, L. R Oce Papers Mich. Mus. Zool., no. 159 pp 17-33 1925 
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SUMMARY 

The relative abundance of the various species of mammals living in a 
given area may be determined roughly by the usual methods of trapping 
and observation. However, the comparison is very imperfect, for the 
methods suitable for determining the abundance of one species are not 
so well applicable to another species having different habits. Actual 
counts of the individuals of the various species living on any given area 
are usually impracticable. 

Another kind of relative abundance is that comparing the frequency 
of occurrence of a single species in different localities, in different types 
of habitat, or at different times. By the development of a proper field 
technic, which must be more or less different for each kind of mammal, 
it seems possible to secure indices of abundance for any given species. 
These indices of abundance are much more easily obtained than actual 
counts of individuals per unit area, while they are of considerable value 


in studi s dealing with ecology or wild life management. 
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CENTRAL NERVOUS SYSTEM OF THE PORPOISE TURSIOPS 
TRUNCATUS 


By ORTHELLO R. LANGWORTHY 


Some years ago a number of workers interested in sea-living mammals 
visited the porpoise fishery operated by Howard I. Wordell on the 
coast of North Carolina Che problems of the different members of 
the expedition were quite different One wished to obtain skulls for bio- 
metric studies; another investigated the relation of the facial musculature 
to the differentiation of the blow-hole mechanism. Wislocki (1929, A 


and B) obtained well fixed material for histological study; he has de- 
scribed the structure of the hypophysis and the differentiation of the 
lung in relation to the aquatic ¢ nvironment The author was particu- 
larly interested in the nervous system 

It is known that the nervous system of Cetacea has great importance 


and significance from the standpoint of a neurologist. The conforma- 


tion of the skull has undergone such remarkable changes in this group of 
mammals that widespread mechanical adaptations have occurred in 


the brain. Furthermore, it must be remembered that the Cetacea are an 
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extremely specialized group of mammals. Adapted to life in the water, 
they have diverged in a radical way from the general course of mam- 
malian development. Their ancestors were terrestrial Mesozoic mam- 
mals, related most likely to primitive Ungulate or Carnivorous stocks. 
In the process of adaptation to the aquatic environment the hind-leg was 
lost, so that only minute vestigial remains are found within the body 
of the porpoise and other Cetaceans. The fore-leg likewise underwent a 
marked reduction, changing its conformation and becoming a flipper. 
The tail developed into a powerful muscular appendage, supplemented 
by the growth of caudal flukes, highly adapted to locomotion in the 
water. Besides the limbs, other surface structures have been markedly 
modified. The skin has become thick, smooth and hairless, and has lost 
its sweat glands as well as its sebaceous glands. The pinna of the ear 
has been lost and the external auditory meatus reduced. Furthermore 
the eyes and eye-lids have undergone pronounced modifications. Many 
of these changes upon the surface have been brought about to further 
the ease of gliding through the water. 

There have been equally pronounced adaptations to the exigencies 
of an aquatic existence in many of the internal organs which it is un- 
necessary in this connection to describe in detail. The entire respiratory 
tract, including the nasopharynx, trachea and lungs, shows an extreme 
specialization, related undoubtedly to needs of regulating respiration 
during periods of submergence in water, when the outside oxygen supply 
is cut off and the pressure of the medium compressing the animal’s body 
is a physiological factor which must be compensated (Wislocki, 1929 B 
The cardio-vascular system also exhibits changes correlated with the 
peculiar mode of breathing and the oxygen consumption of the animal 
Similarly the mouth, esophagus and stomach have been curiously modi 
fied and adapted to the mode of feeding of an aquatic mammal. An- 
other instance of adaptation might be cited in the female reproductive 
tract which is specialized for aquatic parturition and suckling. 

Some of the most remarkable structural changes have occurred in the 
region of the head. Nearly all the changes in the skull have a bearing 
on the shape of the cranial cavity and the conformation of the brain and 
its appendages. A marked foreshortening of the skull has occurred 
involving a telescoping of the structure so that the maxillary bones 
broadly override the frontal bones, producing a cranial cavity which is 
deep and wide but relatively short antero-posteriorly. The blow-hole, 
a complex naso-pharyngeal structure, adapted to the regulation of intake 
and escape of air, has developed anterior to the cranial vault. With 
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the formation of the blow-hole mechanism, the nostrils have shifted to 
the dorsum of the head, giving place to another curious structure, a 
deposit of fat or, in some cetaceans, a spermaceti organ lying on the 
facial region in front of the blowholes. 

An excellent account of the evolution of Cetacea is found in Weber 
(1904) while a detailed discussion of the phylogeny of whales based on 
a study of skeletons, recent and fossil, is presented by Kellogg (1928). 


Concerning the significance of the so-called telescoping of the skull an 
interesting paper by Miller (1923) may be consulted; Howell (1930) 
has published an important book dealing with the adaptations of aquatic 
mammals. Hatschek and Schlesinger (1902) gave a splendid account 
of the minute structure of the brain stem of the dolphin; Hatschek (1896) 
described the spinal cord and spinal nerves of the dolphin 

The material obtained at Cap Hatteras consisted of ten young 
adult males, each about eight feet long and weighing six hundred pounds, 
all caught on a sing morning It was hoped that som neuro-physio- 


‘vations could be mad Specifically it was planned to 


logical ODS®eI 


stimulate the cerebral cortex wit mild faradie current delimiting the 
motor ar nd to decerebrate some preparations. This work was un- 
satisfactorv because of the conditions under which it had to be earried 
ou ) brains, how ! vere ¢ fully remo 1 and shipped to 
Baltimore for stud Drawings re made of the int brain and of 
brain dissections by Mr. Jan Didusch of the Carnegie Institution of 
Washington, some of which illustrate this paper; the author wishes to 
express his appreciation and thanks for then Through the kindness 


of Dr. Adolf Meyer several serial sets of sections of the brain were cut 


and stained by the Weigert-Pal method 


\ fairly detailed account of the macroscopic and microscopic 
structure of the porpoise brain has been pu lished in another place 


Lang rth 1931 A A further repor Langwo! 1931 B) dis 

cussed the complicated cerebral cortex of the porpoise as evolved on the 

basis of the great influx of auditory stimuli into this region Che pres- 
— +] ] f +] f +] : P 

ent paper introduces these studies of the brain of the porpois o the 

large group of mammalogists int rested in s dwelling mammals and 

describes the general structure of the brain in connection with the 


drawings 

The ventral surface of the porpoise brain is depicted in figure 1. 
The whole structure is foreshortened and wid The caudate nuclei 
lie upon thi surface at the ventral tip of the frontal lobes The temporal 


lobe lies behind the fissure of Sylvius: the rhinal fissure may be identi- 
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fied at the pole of the temporal lobe. 
lies ventral to the rhinal fissure. 

The cerel 


The small hippocampus major 


vellum is well developed with the hemispheres and flocculi as 
well differentiated in 


It is believed that the cerebral and cerebellar 
hemispheres develop coincidently. Both 
I I : 


prominent features. The flocculi are said to be 
all water living mammals. 


are large here and have 


"Cereb ral Peduncle 








evs 


/ 
N Hypog ossus 
Flocculus 
Fig. 1. VENTRAL SURFACE or Porporse BRAIN 


strongly developed pathways connecting one with the other as evi- 
denced by the size of the pons. 

The cranial nerves may be identified in this drawing of the ventral 
surface of the brain. No olfactory nerve 


or bulb was found in any of 
the brains examin 


d. The nuelei and tracts that are thought to be ol- 
factory may be identified in the brain but all are small. 


The optic nerves show no features of particular interest. It has been 
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shown in the case of the dolphin that all the optic fibers decussate in 
the chiasma. The eyes of the porpoise are set far laterally upon the 
surface of the head so that only panoramic vision is possible and there 
can be no fusion of the visual fields permitting binocular stereoscopic 
vision. The oculomotor, trochlear and abducens nerves to the extra- 
ocular muscles of the eye are not remarkable; there is little movement 
of the eyeball. 

Likewise the trigeminal nerve is of no particular interest ; the ophthal- 
mie branch is small but the maxillary and mandibular are of good size. 





t 


Fic. 2. ANTERIOR SURFACE OF PoRPoIsse BRAIN 


The facial musculature has differentiated to supply that interesting 
structure, the blow-hole. The facial nerve is large. The acoustic 
nerve is particularly well developed and it was found that it is the co- 
chlear portion that has undergone great differentiation. The glosso- 
pharyngeal, vagus, accessory and hypoglossal nerves are not remarkable. 

Figure 2 depicts the anterior surface of the cerebral cortex; the com- 
plexity of the pattern of sulci and gyri is at once apparent, surpassing 
that found in the cortex of man. The falx cerebri is absent at the frontal 
end of the longitudinal fissure and the gyri of the two sides interdigitate 
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in the midline. The anterior pole of the cortex is flattened due to the 
conformation of the skull in this region. 

The numbers indicate microscopic sections of the cerebral cortex shown 
in photographs in another paper (Langworthy, 1931 A). Many sections 
from different portions of the cortex were studied. It was found that 
the whole gray matter was poor in cells and that these were spaced at 
wide intervals. There was no well defined layering of the neurones 
such as is characteristic of the cerebral cortex of Primates. 
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Fic. 3. LATERAL SurFace oF Porpoise BRAIN 


The granular layer which is considered to be the receptive layer was 
identified in all portions of the cortex except in the motor area. The 
supra- and infra-granular pyramidal layers were, in most regions, poorly 
differentiated. Because of this primitive development it was difficult 
to divide the cortex sharply into areas having characteristic cytological 
structure. However, certain regions were definitely recognized. 

The motor cortex was distinguished by the large pyramidal projection 
cells and by the absence of a granular layer. It surrounds the cruciate 
sulcus in the region indicated by numbers 10, 11 and 12. Anterior to 
this is the premotor area which extends to the very anterior tip of the 














LANGWORTHY—NDRVOUS SYSTEM OF TURSIOPS 387 


cortex There is no large association area in the anterior portion of the 
cortex. 

Posterior to the motor cortex is another area characterized by a well 
developed granular layer which is probably a sensory projection area 
receiving general cutaneous and proprioceptive impulses. Because of 
the structure of the skin it is probable that cutaneous sensation is poorly 
differentiated. Relatively small numbers of fibers carry proprioceptive 
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impulses to the cerebral cortex. These motor and sensory areas are 


surrounded by cortex having a very primitive structure. 

The lateral surface of the cerebral cortex is shown in figure three. 
3ecause of the rotation of the forebrain the fissure of Sylvius extends 
in a vertical direction instead of horizontally asin man. A number of 
sulci spread out jn a fan-shaped manner from the fissures of Sylvius and 
terminate in the semicircular supra-sylvian fissure. The auditory fibers 
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penetrate the gray matter of the cortex just posterior to the Sylvian 
fissure and around this area has developed a large acoustic correlation 
center. 

The optic projection fibers terminate around the calcerine fissure at 
the mesial tip of the occipital lobe. 

It remains to discuss the enormous development of the cerebral cor- 
tex of the porpoise. Obviously this growth must be dependent on the 
penetration of large numbers of sensory impulses into this region and the 
formation of correlation centers. The one group of sensory fibers of 


enormous size in the porpoise brain is the acoustic; all the acoustic 
tracts and end-stations are extremely well developed. This is evident 
in fig. 4. In most mammals the optic colliculus is larger than the 
acoustic but in the porpoise the acoustic colliculus exceeds the optie by 
far. The acoustic colliculi form the conspicuous landmarks on the dorsal 
surface of the midbrain and they are connected across the midline by : 
commissure. The acoustic geniculates are also much larger than the 
optic and their surfaces are not smooth but are thrown into distinct 


4 


folds (figure Examination of sections of the thalamus reveals the 


fact that large portions ol this structure form an acoustic nucleus and 
from these cells a large group of acoustic fibers extend upward to the 
cortex, 

It has been sugge sted that the developm« nt of the optic structures 
particularly the acquisition of binocular stereoscopic vision, was respon- 
sible for the rapid growth and differentiation of the cerebral cortex of 
Primates. In like manner the development of the cortex of the por 
poise appears to be dependent on acoustic impulses. Whether this 
acoustic mechanism permits a great acuity of hearing or whether it is 
dependent on the reorganization of the cochlea to function in a fluid 
medium is not clear. It is hardly possible that the acoustic nerve has 
taken over vestibular function controlling equilibrium and patterns of 
tonus in the striated musculature of the body. It must be remembered 
that the cellular structure of the cerebral cortex of the pospoise is much 
more primitive than that found in Primates. 
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PARTURITION IN THE AGOUTI, WITH NOTES ON SEVERAL 
PREGNANT UTERI 


By Rosert K. ENpERS 


Parturition, in mammals other than man, is not observed frequently. 
Reports concerning this process in the common laboratory animals are 
few and for the most part fragmentary. Even among the domestic 
animals the pathological cases observed and reported outnumber the 
normal. Because of the scarcity of descriptions of parturition in wild 
mammals it is thought worth while to present the following observations 
on parturition in an agouti, Dasyprocta punctata isthmica. These were 
made at the Barro Colorado Island Laboratory, Canal Zone, where the 
writer was securing material for the study of the embryology and repro- 
duction of the genus Marmosa. This work was done as a Fellow of 
the National Research Council, Washington, D. C 

No measurements of the female observed in parturition were secured. 
However, two females taken by the writer in the sam locality were 
each 545 mm. long, and weighed 337.0 and 400.8 grams respectively; 
the heavier of the two contained two embryos, 167 mm. in length. 

The female which later was observed in parturition had been visiting 


the laboratory for some months and had become tam« enough to eat 


from the hand. The writer, sitting on a low step and using a ripé 
banana as reward, had, on several occasions, coaxed her to jump up 
onto his lap. This confidence was of great convenience when clos: 
observations had to be made. Of course, hunger was the cause of th 


actions of the agouti, and her hunge r must have been great to overcom« 


her natural timidity. This behavior on the part of an unusually shy 


mammal arose, possibly, from the condition of her teeth. She had but 
one incisor tooth, the right upper, which was much too long and too 
curved Only with difficulty could she pick up food that was too heavy 
or large to convey to her mouth by the manipulation of her tongu 


Even so soft an object as a ripe unpeeled banana caused her great dif- 
ficulty Moreover, her molars were too worn to masticate food as hard 
as ship’s bread, even after it was in her mouth Nevertheless, she was 


always sleek and glossy, appearing to be kept in splendid condition on 
her diet of peeled bananas, papaya bread and cooked rice 

During this period the agouti lived under a chest of drawers which 
had been placed under a lean-to shed at one end of a work bench The 
house against which the shed leaned was occupied by two Indians. The 


chest rested upon a base made of two two-by-four timbers set on edge 
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and running lengthways of the chest. These timbers rested on cement. 
The chest rested on two inch pipes set across the timbers, thus making 
a space about eight inches high—for the drawers did not come down to 
the base—and easily visible through the two-inch slit thus formed be- 
tween the chest and the timbers. The area under one end of the chest 
was occupied by a collection of leaves and small sticks from the jungle, 
chips from the vicinity of the chopping block, and some brown wrapping 
paper. From time to time the accumulation over-flowed the space 
between the timbers and spread over the area in front of the chest; 
removal of this surplus led to its slow replacement. However, about 
half of the area under the chest had a very scanty covering of leaves, 
and it was here that the agouti was usually found and the young were 
born Conditions and arrangements here were, probably, not unlike 


those found in the burrows where these animals make their homes. 


By lying flat on the cement floor and looking through the slit between 
the chest and the timbers a good view of the interior was possible, and 
as this had been done from time to time, the animal was not disturbed 
by the presence of the observer 


On November 16 behavior was observed that might have been con- 


nected with mating. The writer could not be sure of this nor could be 
DOSItI VE ly identify the fen al agoutl as Ddelng the one that came to the 
laboratory. However. a female agout pursued by another agouti, sex 


undetermined because of its wildness, approached within ten or twelve 


feet of the writer while he was in the forest The other dashed off as 


soon as it became aware of human presence although the pursued showed 


no signs of fear. After this date the agouti under observation went 
into the jungle less and less, and spent more time lying under the kitchen, 
apparently enjoying the cool, moist earth. The date is given because it 


may indicate the period of gestation 

In passing the nest at 10:35 .a.m., December 30, the writer looked in, 
as was his habit, for the agouti had been showing signs of heaviness 
A young agouti was observed which was making little coughing noises 
and, very wet, was standing between the forelegs of the female. The 
umbilical cord which was about ten inches long was intact and the re- 
mains of the amnion were lying on the ground. The mother was licking 
the young one against the direction in which the hair lay, while it at- 
tempted to wander away, but could not as it was held to the mother 
by the umbilical cord. The female made soft grunting noises from time 
to time which stopped if any sudden movements were made. This 


activity of licking the young one was continued until 10:42, at which 
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time she licked her vulva and then her paws and cleaned her head with 
her paws. Three minutes later (10:45) she took the cord in her mouth 
and jerked her head as if to pull the cord loose or sever it. During the 
entire period she was on her feet with the hind-quarters held low. After 
two minutes of unsuccessful attempt to pull out the cord she licked her 
genital opening again. Some material from the orifice, the nature of 
which could not be seen, was eaten. 

By this time (10:47) the young one was trying to crawl from the com- 
paratively bare floor where he had been born to the nest of leaves under 
the other half of the chest, but was held by the cord. After several 
efforts the cord broke about two inches from the genital opening of the 
mother, leaving about eight inches attached to the young one. In- 
stead of going on after this occurred, he returned to the mother and was 
licked vigorously all over, special attention being given to the umbilical 
and anal regions. 

At 10:50 the mother ate the remains of the amnion, sitting on her 
hind-legs, and holding it in her paws, squirrel-fashion. Two minutes 
later (10:52) she repeatedly drew the portion of the cord still attached 
to the umbilicus of the young agouti through her teeth, holding the cord 
in her forepaws, but exerting no tension on the end attached to the 
umbilicus. As mentioned above, her teeth were very faulty, so the 
attempts to sever the cord were futile. At length the young one wan- 
dered off with the cord looped about its left hind leg. 

Whenever the mother would crouch down, the young one would go 
to her and crawl under her belly, working down to the inguinal region. 
At 10:57 the female, which had been licking herself after her unsuc- 
cessful attempt to sever the cord from the young one, lay on her side 
resting. At once the young one came to her and nuzzled about her 
neck probably searching for a nipple. In another minute (11:00) the 
mother arose, assuming a crouching position with the hind-legs well 
apart and the hind-quarters near the ground. A very definite contrac- 
tion was observed to start at about the level of the diaphragm and 
involving the muscles of the abdominal region. Two contractions fol- 
lowed each other in rapid succession. After these passed, the female 
again licked the young one. In five minutes (11:05) long, strong con- 
tractions were again seen with the female assuming the squatting pos- 
ture. Another contraction followed in two minutes. In the meantime 
the young one wandered about somewhat unsteadily, complaining when- 
ever the cord, the maternal end of which was under the foot of the female, 
limited the range of movement. At intervals between wanderings the 
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young one nuzzled against the mother only to wander off again without 
finding a nipple. The female was now practically sitting on her haunches. 
The young one, on approaching her, usually worked along her ventro- 
lateral surface toward the inguinal region. 

At 11:12 the right rear nipple was found and nursing sounds were 
audible. The connection was brief, for the female raised her hind- 
quarters during a vigorous contraction. When the young one moved 
away the cord hobbled both hind legs. It returned as soon as the 
female settled down following the contraction and again found the 
nipple, this time lying on its side with one hind foot in the air, nursing. 
The mother was still crouching. 

More contractions followed (11:20 and 11:21) during which the 
nursing young was dislodged, and at 11:23 liquid was ejected with some 
little force from the genital opening. This liquid had much of the 
appearance of white of egg. It was licked up at once, and the small 
amount that had struck the young one was removed with vigor by the 
female. 

A minute later (11:24) a definite attempt was made to expel some- 
thing, the attempt being followed by a pause during which the vulva 
was licked as more of the liquid had appeared during the straining. 
Finally she sat on her right haunch (11:25) and lifted the left hind leg 
in order to reach the genital opening more easily. At 11:27 another 
strong contraction brought her to a squatting position. The young one 
took advantage of the momentary rest following this “‘pain” to find a 
nipple, but was soon cast off because of the restless movements of the 
mother. At 11:30 there was a series of contractions with increasing 
restlessness, the female moving about in a crouching position, head up, 
front feet close together, hind legs wide apart, and the hind quarters held 
low. The young one went off on a tour of the surroundings, climbed 
over the two-by-four timber at the edge of the nest area, but returned 
to the nest immediately. On its return from one of these wanderings 
(11:33) the mother made nervous attempts to eat the cord which was 
still attached to the young one, but was not successful. Following these 
futile efforts, she was less restless, lying on her side while the young one 
nursed. 

At 11:47 she jumped to her feet and assumed the crouching position, 
while four contractions occurred in rapid succession, liquid being ejected 
in the meantime. These contractions resulted in birth of a second young 
one (11:50). It was completely enclosed in the amnion and was ejected 
in one prolonged contraction, head first. At once the female tore the 
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amnion in the umbilical region and, as rapidly as possibly, ate it, pulling 
it away from the ventral surface and working toward the head. The 
young one was breathing rapidly, as could easily be seen, for the amnion 
over its nose was drawn against the nostrils at every inspiration. When 
the amnion was pulled away from the head the eyes were wide open. 
The young one sneezed as soon as the nose was uncovered. After 
stripping off the portion of the amnion that had extended over the head 
and back, the female left it on the ground while she gave her attention 
to licking the latest arrival. The umbilical cord was still intact. The 
young one sat between the forelegs of the female and was licked against 
the direction of the hair. It was, apparently, at this stage that I had 
discovered the first born. Seven minutes after the birth (12:02) the 
remainder of the amnion was eaten. The female then (12:04) lay on 
her side resting and nibbling now and then at the placental end of the 
intact cord. All three animals were quiet, which was a marked con- 
trast to the twitterings the young had been making and the previous 
soft grunts of the adult. 

Observations were discontinued at 12:15 when the family was still 
resting. The umbilical cord attached to the first born was about eight 
inches long, and the cord of the second was still attached at the umbilical 
and placental ends. When observations were renewed at 12:25, the 
female was resting on her side and both young were attempting to nurse. 
The broken umbilical cord was still attached to the first born, but the 
entire cord of the second had been disposed of. The female ate food 
that was offered. The next half hour the female rested while the young 
wandered about the nest, climbing out over a four-inch timber and then 
returning to the mother from time to time. 

At 1:35 the second born was caught and examined. lis eyes were 
wide open with eyelids fully formed The body was complete ly covered 
with hair of the typical agouti color and pattern and was long over the 
rump as in the adult. The vibrissae were long. The soles of the feet 
were richly pigmented with black. He was able to move about freely, 
showing a high degree of coérdination. He would remain in any spot 
when put down, but struggled while held. His weight was 211 grams 
After being banded he was returned to the nest, whereupon the mother 
gave a warning grunt and took a defiant attitude fora moment. When- 
ever she was alarmed and “froze,” the young “froze” too, although no 
warning note was sounded. 

As usual, the female put in her appearance at the door at about 6:00 


p.m., coming alone. After feeding for some time she was seen to have 
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something in her mouth resembling meat and to be moving toward the 
nest with it. On being pursued, she dropped the object (6:05) which 
proved to be an after-birth. It was fresh and warm, with uncoagulated 
blood at the end of the frayed cord. Its weight was 39.2 grams. 

After returning to the laboratory she fed for twenty minutes, finally 
returning to the nest where she was met with twittering chirps not unlike 
those of contented chicks. By 6:30 everything was quiet. 


SUMMARY 


1. Parturition in the agouti, Dasyprocta punctata isthmica, was ob- 
served under approximately normal conditions. 

2. Observations are presented that indicate a probable gestation period 
of forty-four days. 

3. Two young were born, an interval of about one hour separating 
their births 

4. The second, born under close observation, was enclosed in the 
amnion, which was removed by the mother. 

5. Parturition occurred with the female in a squatting position. 

6. A placenta, still fresh and warm, was recovered about six hours 
after the last birth. 

7. The new-born young were fully haired, patterned like the adult, 
had the eyes open with the eyelids fully formed, and were able to move 
about easily and rapidly. 


NOTES ON PREGNANT UTERI 


The writer is indebted to Dr. George B. Wislocki for the privilege of 
examining several uteri and for his aid and suggestions in their examina- 


tion. 
The first specimen was received from the National Zoological Park, 
Washington, D.C. The right ovary of this specimen contained two 


corpora lutea; the oviducts were short and straight, with thick muscular 


walls and large lumen. The left horn of the bicornuate uterus was 


empty, while the right horn contained two fetuses near term. The 
parametrium presented an interesting condition as regards the character 
of the blood vessels. An artery and a vein passed along the border of 
the parametrium, the artery giving off branches which broke up into 
an arterial rete, this in turn resolving itself into groups of parallel con- 
voluted arteries which crossed the parametrium and penetrated the 
uterus. The veins were perfectly straight and large, occurring in the 
ratio of one vein to ten or twelve arteries. The placentae had a meso- 
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metrial attachment' and were normal. Apparently the two fetuses 
were normal with a normal course of gestation up to the onset of labor. 
At this point the right hind limb of the lower fetus engaged, which re- 
sulted in failure to expel the uterine content. The limb of the fetus was 
dislocated with trauma to the soft parts as well as to the pelvis and 
thigh of the mother. The death of the female followed, with the two 
fetuses still unexpelled. One fetus was 170 mm. long 

The second uterus examined was from Bruja Point, Panama, and 
had been secured by J. B. Shropshire. This female was normal, near 
term with four fetuses, two of which were in either horn. The tubes 
were straight, lying along the same axis as the uterus, excepting a short 
section which returned upon itself for the distance of half an inch at the 
level of the ovary. The openings to the tubes were small and wer 
surrounded by delicate fimbriated infundibula, with the formation of a 
small ovarian bursa which only incompletely contained the ovary. No 
circumscribed corpora lutea were found in either ovary; the ovaries 
were approximately the same size. There were two internal os, one in 
each horn, which united caudad of the separating septum to form a 
single external os. Posterior and lateral fornices were present around 
the cervix. One fetus measured 155 mm. 

The third uterus was from an animal collected on Barro Colorado 
Island, Canal Zone. This was a much less advanced pregnancy, as one 
fetus was but 135 mm. long. The two fetuses were in the right horn; 
the left was empty. Although the right ovary was larger than the left 
no distinct corpora lutea were found. Even at this stage the hair and 


claws of the fetuses were well developed. 


1 Becher, Hellmut. 1921. Die Entwicklung des Mesoplacentariums und die 
Placenta bei Aquti (Dasyprocta azarae Schl.). Zeitschr. f. Anatomy u. Ent- 


wicklungsgeschichte, vol. 61, pp. 337-364 
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A METHOD FOR THE FIXATION OF MAMMALIAN CHROMO- 
SOMES IN THE FIELD 


By W. E. Hoy, Jr., anp KALMAN BERKOWITZ 


From the standpoint of cytology and genetics the study of chromo- 
somes is of considerable importance. Such study requires not only an 
exact enumeration, but also a study of the shape and size of the indi- 
vidual chromosomes and their history in the several phases of mitosis. 
There are, in general, three possible sources of suitable material in 
mammals; first, the dividing cells of the testis, second, the dividing cells 
of tissues from embryos or very young individuals, and third, the divid- 
ing mesoderm cells of the amnion 

[t is highly desirable that our knowledge of the number and type of 
mammalian chromosomes be extended to include as many species as 
possible. Therefore, a method of fixation and preservation applicable 
to field conditions is needed, since the methods hitherto employed are 
such that difficulty would b 


experienced in transporting the necessary 
solutions 

This paper offers a possible method, for in the experiments to be des- 
cribed material was fixed and preserved by a method so simple that its 
use is possible even on extended explorations. The idea which led to 
these experiments came by chance. In the fall of 1926 certain slides for 
routine lal oratory work were pre pared in the laboratory of the medical 
school of the University of North Carolina under the supervision of Dr. 
W. C. George. The material came from a 60 mm. opossum removed 
from the pouch, and showed many fine mitotic figures in various tissues. 
Several of these slides were sent to one of us Hoy ). These served later 
as a basis, together with other material, for a paper on the chromosomes 
of the opossum (Hoy and George, ’29). From the standpoint of this 
present report the particularly interesting fact in connection with the 
study of the opossum chromosomes was that Dr. George had fixed and 
preserved the opossum by simply opening the body cavity and dropping 
the entire specimen into a bottle of Bouin’s solution, in which it remained 
for several months. 

The idea was then conceived of testing out the fixation method on 
not only another form but also on testicular material. Some species 
was required in which the chromosomal configuration was known so 
that comparisons could be made. For this purpose the house mouse 
(Mus musculus) seemed appropriate, since the chromosomes had been 
well worked out by Miss Cox (’26). 
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Accordingly, on Oct. 11 and 18, Nov. 19, and Dec. 8, in 1927, and 
on Jan. 14, in 1928, mice, obtained in live traps, were anesthetized, and 
the testes were removed and placed in Bouin’s solution. The actual 
study of this material began in February, 1931, and was continued through 
April. Thus the tissue was subjected to an immersion of from a little 
over three to fully three and one-half years. This, certainly, is a much 
longer time than would be required even on extended field explorations. 

The formula of Bouin’s solution used in these experiments calls for 75 
ec. of a saturated aqueous solution of picric acid, 20 cc. of 100 per cent 
formalin (40 per cent formaldehyde), and 5 ec. of glacial acetic acid. 
Two necessary precautions need to be followed. First, the material to 
be fixed must be absolutely fresh, i.e., if the animal is killed, not more 
than a few seconds should elapse between death and the fixation of the 
tissues, or if the animal is anesthetized, transfer of tissues from the body 
of the individual to the solution must be made as rapidly as possible. 
Second, in the case of testicular material, the tissue should be teased 
apart in the solution. If embryos are to be fixed, the body cavity should 
be opened. 

In testing the value of this prolonged immersion in Bouin’s as a fixa- 
tion and preservation method the experimental results have been care- 
fully checked with the findings reported by Miss Cox. She used an 
approved method of fixation (see Painter, ’24), but one which does not 
readily lend itself to conditions in the field. 


THE SPERMATOGONIAL CHROMOSOMES 


Miss Cox reported 40 chromosomes. These represent 20 pairs Jetween the 
largest and the smallest pairs she reports and illustrates a ‘‘gradual seriation 
One of the pairs consists of two unequal chromosomes, one large, and one small 
This is the x-y pair, concerned in the determination of sex. In text figure 1, a, 
is a drawing of a polar view of an equatorial plate obtained from the experimental 
material For the sake of clearness a number of the superimposed chromosomes 
were drawn out of position. Forty chromosomes are present, and they show th« 
‘gradual seriation’’ in size. Such polar views were rare in the material examined. 
For the study of the shape and size of the chromosomes the pre-equatorial pro- 
phases are excellent, and they were fairly abundant 


THE CHROMOSOMES OF PRIMARY SPERMATOCYTES 


Polar and side views of the first maturation spindle were described by Miss 
Cox. There are 20 tetrads on the spindle. Side views of the spindle show the 
characteristic shapes assumed by these bivalent chromosomes. Because of the 
precocious division of one of the tetrads, called ‘‘q,’’ the number of chromosomes 
appearing in the equatorial plate is 21. Side views of the spindles show the same 
gradual seriation”’ is size of the chromosomes as was the case in the spermato- 
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gonia. Six of the tetrads are ‘“‘hat-shaped,’’ four are ‘‘much elongated,”’ two are 
small ‘“‘hat-like,’’ and frequently appear as ‘‘derby hats.’’ In addition there are 
“‘diamond-shaped,”’ and ‘‘dumbbell-shaped’’ tetrads, and lastly, the x-y pair, 
the y being next to the smallest in size. 

Fig. 1, b, shows a pre-equatorial prophase with the 20 tetrads, six of which are 
drawn out of position, and Fig. 1, d, shows ten of the tetrads from side views of 
various spindles. It will be noted that the shapes coincide in general with those 
described by Miss Cox. One thing noted was the presence of a fairly large cross- 
shaped tetrad. No such shape is described by Miss Cox. It is possible that this 
is described by her as one of the larger diamonds. Fig. 1, c, is drawn from a polar 
view of the first maturation division. Chromosomes are seen to the number of 
21, this number being due apparently to the precocious division of one of the 
tetrads 
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Fia. 1. a, Polar view of equatorial plate, spermatogonium. 6b, Late prophase, 
Ist maturation. c, Polar view of equatorial plate, lst maturation. d, Tetrads 
from side views of various lst maturation spindles. All drawings made with 
camera lucida. Reduced here one-half. Zeiss apochromatic 2 mm. obj., and 
compensating ocular 30 X 
The analysis of chromosome groups from this experimental material leads to 





the conclusion that the tissue is very well fixed and preserved for such study 
Some sections, of course, show poor fixation in certain tubules, but this is the 


result with almost all of the fixation methods when applied to testicular material. 


One observation, which was repeatedly made, was the sharpness with which cen- 
trosomes and spindle fibers stood out in many of the mitotic figures. The spiral 
filament of the mature spermatozoa also appeared with great distinctness 

The method of fixation herein described is not new, though the experimental 
results on mammal is new In the Handbook of Microscopical Tec hnique, 
edited by Dr. C. E. McClung, the statement is made (p. 425) in discussing the use 
of certain modifications of Bouin: ‘‘Material may be left in them for long periods 
of time without danger of overfixation ; it has been found in the case of 


Orthopteran material that whole animals which have been opened sufficiently 
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for it [the solution described] to enter readily, may be so treated that the intimate 
cytological details of the cells, the germ cells particularly, are well preserved. 
This is a very great convenience when rapid preparation in the field is necessary.’’ 

Since this method is equally applicable to the tissues of opossum young and to 
the testes of mice, its further use for other marsupial and rodent material is sug- 
gested, and the probability is that it can be used successfully for other mammals. 
That it lends itself to field conditions can readily be appreciated. 
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A DIET FOR CHIMPANZEES AND MONKEYS IN CAPTIVITY 
By O. L. TINKLEPAUGH 


The nutritional care of infra-human primates is becoming a problen 
of increasing importance with the growing number of laboratories and 
zoological gardens in which these animals ar 


being kept for scientific 
and exhibition purposes. While participating in the care and main- 
tenance of the chimpanz es at the Laboratories of ¢ vomparative Psycho- 
biology, Yale University, the writer has developed a special cracker 
which, with suitable supplementary foods, has proved economical and 
satisfactory in feeding both these animals and monkeys of various 
species While this cracker is yet to be improved, the formula and 


analysis of it and supplementary foods are published in the hope that 


1 Both the Laboratories and the writer acknowledge indebtedness to Professors 
Lafayette B. Mendel and George R. Cowgill for valuable advice and suggestions 
The writer expresses also his appreciation of the coéperation of Dr. Harold C. 
Bingham during the investigation. 
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suggestions or criticisms. 


to others and at t same time lead to beneficial 
The formula for the 


thev mav be of value 


cracker is as follows: 


T E IE> PI } A ¥ 
( m flou 1,200 12.0 
Cracked whe » 200 22.1 
Cr mé 2 200 22.1 
Ro oat 1,000 10.0 
B 5 3.5 
\ 





9 ,97 100.0 
| S rmul o Ti fa eT nerimen ion with various food 
al The ineredien vere chosen on the basis of acceptability 
‘’) 
I 4 
( ( 
G 159.60 638.4 856.8 27.2, 26.40) 237.6 
C t eat 2944.20' 976.81,661.0 | 6,644.0) 37.40 28 Be 
C mé 202.40' 809.61.658.8 | 6,635 41.80 377.2 
R t 161.00, 644.0 675.0 | 2,700.0 72.00 648.0 
Be 
Whole milk powde 148.28 593 900. 1¢ 800.6 8.92 gn 3 
Ta “ 
Pean itt 51.60 106 4 5 2 890.8 558.005 .022.0 
R iT 23.92 95.7 700.12 2,800.5) 30.36) 273.2 
Molass 10.92 0 l 2 894.0 
ot 1 ,301.92'5,195.0\6 272.40 24 ,722.3 744.886 ,974.9 
Total calories 36,892.2 or 4.42 per gram 
Prote calories 5.195.00 or 14.0 ‘ 
Carbohvdrate calories 24,.722.3 or 67.0 Y 
I calories 6.974.9 or 18.9 ¢ 
’ 
to the animals, economy, the consistency of the final product, and the 
necessity of a satisfactory protein f and earbohvdrate content Bone 








402 JOURNAL OF MAMMALOGY 


ash affords a source of mineral elements and also partially allays the 
diarrheal condition frequently experienced with apes and some monkeys. 
Raisins and molasses contribute to the mineral and sugar content and 
increase the acceptability of the product to the animals. 

Analysis of the formula is given in Table 1. There are reasonable 
proportions of proteins, carbohydrates and fats. The protein content 


rABLI 
Analy of daily supple ment 
PROTEIN CARBOHYDRATE FAT 
MATERIA 
Grams | Caloris Grar Calories | Grams ~ 
Cabbage. 600 gms 9.60) 38.4 33.60 134.4 1.80 16.2 
Carrots, 700 gms 7.70; 30.8 65.10 260.4 2.80 25.2 
Onions, 500 gms 8 00 32.0 49.50 198.0' 1.50) 13.5 
3anana 1200 gms 15.60 62.4 264.0 1 056.0 7.20| 64.8 
Oranges,{ 2 per day, 350 grams ?.80| 11.2 0.60 162.4 70 6 
Apples, 2 per day, 320 gms 1.2 5.1 | 45.4 181.8 1.60) 14.4 
Orange-apple* 2.04 8.2 43.02 172.1) 1.15) 10.4 
Whole milk 1 cup 4.95) 19.8 7.50 30.0, 6.00 54.0 
Peanuts, 114 gn 29.41) 165.12} 27.82 156.2) 44.00) 247.0 
Total 77.30 356.7 490.54, 2,007.1 64.45) 431.0 
Total calorie 2,794.7 or 4.42 per gram 
Protein calori 356.6 or 12.89 
Carbohydrate calorie 2,007.1 or 71.8 ‘ 
Fat calories $31.0 or 15.4‘ 
+ Figures in italic ire not included in the tot The figures followin 
orange-apple represent the composite of the two, that is the 2.04 gram 
protein represents the sum of 2.80 and 1.28 divided by 2, and this amount i 


added to the tota 


* Calculated on basis of average for 2 oranges or 2 apples, equivalent to 1 orang: 


) 
plus l apple per day One orange equivalent to 175 grams, edible portion One 
apple equivalent to 160 grams, edible portion 


t Based on one cup whole cow’s milk at 150 gran 
is slightly low, but this is partially compensat d for in our laboratories 
by the supplementary foods, part of which are used as lures or rewards 
in Our investigations The fat calories might be increased, though the 


desirability of this for animals in captivity is questionable 


The completed product as used in our laboratories, is pre pared for 
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us by a commercial bakery’ under the name chimeracker.’ It is provided 
in the form of dry, hard biscuits two and one-half by three inches on 
the sides by one-half inch in thickness. The cracker, in lots of one-half 
ton or more, has cost us ten to twelve cents a pound. 

Typical supplementary foods such as we have used in both raw and 
cooked forms in our care of the chimpanzee are enumerated and analyzed 
in Table 2. Suitable substitutes can be found for practically any of 
them. The ones listed are ordinarily available at reasonable prices in 


TABLI 


Daily food per adult chimpanze 


} ( EI CAI OH DI } FAT 
FOOI 
G Cal Grams | Cal Grams | Calories 
Chimcracker 81.0 | 324 372 1,488 48.5 | 436 
Supplements Cabb we, carrots, 
onions, banana, peanuts 39.6 | 205.9 130.8 568 . 2 47.3 276.7 
Apple and orange and milk 7.0 28 50.5 202 79 64.8 
Total 27.6 | 557.9 | 553.3 | 2,258.2) 103.0 | 777.5 
Total calories per animal per day 3593.6 
Protein calories in percent 15.5% 
Carbohydrate calories in percent 62 8% 
Fat calories in percent 21.6° 


This table is 


based on the daily consumption of four chimpanzees during the 
cold winter months. The individual weights of the 


four animals varied from 22 


to 35 kilos; the total weight of the four was 109 kilos. The subjects were confined 
in an outdoor cage approxim ite ly 10 feet wide by 30 feet long, and had constant 
access to a large living room. In smaller quarters, or during warmer weather, 
their food consumption would undoubtedly have been less 


this country and provide a combination of foods by the variation of 
which the eliminatory functions of the animals can usually be controlled. 
This applies particularly to apples and onions, both of which have a 
fairly marked laxative effect 

In Table 3 is shown the total food consumption per adult chimpanzee, 
determined with the use of the chimeracker and the foods enumerated 
in the supplementary list. 


For two years the chimeracker or its equivalent has served as the 


Potter Wrightington, Inc., Boston, Massachusetts. 


Name suggested by David N. Yerkes 
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principal item of diet for the adolescent and mature chimpanzees at the 
Yale Laboratories. For over a year it was used also with three monkeys. 
In the meantime it has been used on a smaller scale by other laboratories 
in feeding both apes and monkeys. Our own results and those of others, 
so far as we have been informed, have shown it to be a thoroughly 
satisfactory food, economical in use and acceptable alike to both chim- 
panzees and various species of monkeys. In the Yale laboratories its 
use has resulted in the almost complete elimination of flatulence inthe 
chimpanzees, due apparently to the animals’ inability to bolt the cracker 
as is their custom with softer foods, and to the relatively high gram- 
calorie content which reduces the bulk of the food consumed. At th 
same time the feces have become more firm. The dry, hard cracker 
requires mastication in the course of its consumption, and this has 
resulted in improvement in dentition and in the condition of the oral 
cavity in general. In addition the cracker provides a ready prepared, 
adequately balanced food item, which is easily kept and which can be 
fed without waste or nuisance. 


Lahorator r of ¢ ‘Tomparative Ps ychobioloa /. Yale Unive “sity 


4 NEW POCKET GOPHER FROM ILLINOIS AND INDIANA 
By E. V. KomMarek AND Don A. SPENCER 
[Plate 14] 


In making a survey of the mammals of Illinois for the Chicago Aca- 
demy of Sciences during the past three years, the writers collected forty- 
seven Geomys in Illinois and Indiana. These, according to the literatur 
on the mammals of these states, were supposed to be Geomys bursariu 
Shaw, but upon comparing their specimens with Merriam’s (1895) de- 
scription, the writers became skeptical. According to Merriam, typical 
bursarius should be ‘‘dark liver brown or chestnut above and below 
somewhat paler on the belly (belly very rarely whitish).”” The pocket 
gophers taken were distinctly slate-gray with a faint wash of light brown 
or white on the belly. Upon closer examination, and comparison with 
specimens of Geomys bursarius from Iowa, Minnesota, Missouri, Kansas 
North Dakota, South Dakota, and Wisconsin, sufficient differences wer 
found to warrant s paration of the Illinois and Indiana animal as a new 
subspecies. 
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Merriam (1895) does not record any specimens examined from Illinois 
or Indiana, but states that the pocket gopher is found in these States. 
The history of Geomys bursarius Shaw is so uncertain that it is very doubt- 
ful if the type is in existence (Merriam 1895), and the type locality given 
is no more definite than Upper Mississippi Valley. Accordingly, the 
specimens taken by the writers were compared with forty-nine skins 
and skulls from the above-mentioned states. This examination con- 
firmed our earlier conclusion, that the Illinois-Indiana Geomys consti- 
tutes a new subspecies. 

The writers wish to express their appreciation of the helpful assistance, 
criticism, and sugge stions viven tl em, especially to Mr. A. M. sailey, 
Director of the Chicago Academy of Sciences, Dr. W. C. Allee, Uni- 
versity of Chicago, Dr. W. H. Osgood, Field Museum of Natural His- 
tory, and Dr. H. H. T. Jackson, of the U. 8. Biological Survey, and to 
the U. S. Biological Survey and the Milwaukee Public Museum for the 


loan of specimens 


Geomys bursarius illinoensis, new subspecies 


Illinois Pocket Gopher 


Typ Male adult, N 713, Ch go Academy of Sciences; taken in brown, 
sandv loam soil, one mile south of Momence. Kankakee County, Illinois, Julv 15, 
1930; collected by E. V. Komarek and D. A. Spencer; original number, K-567. 

Diagnostic characte As compared with Geomys bursarius Shaw, (from Iowa, 


Minnesota, North Dakota, Missouri, South Dakota, and Wisconsin), color dis- 
tinctly slate-gray with no trace of brown or brownish on back; hairs tinged with 


light brown or white on belly; nasals constricted medially, somewhat hour-glass 


shaped; superficial canals on palatine only extending to first molar, and from there 


more or less fused Cranial characters otherwise apparently identical with 


bursariu Size large; measurements of 25 specimens in flesh: Males: Total 
length, 265-322 mm.; tail, 88-98 mm.; hind foot, 32-36 mm. Females: Total 


length, 253-273 mm.; tail, 69-73 mm.; hind foot, 32-35 mm. 


D ption of type Coloration distinctly slate-gray above; belly hairs slate- 


gray, tipped with light brown or white; tail scantily covered with whitish hairs, 
darker near base; small white spot on the throat (all specimens examined have 
this spot); nasals constricted medially, somewhat hour-glass shaped (see Figure 
1); supert cial canals on palatine extending only to first molar 
Distribution.—This pocket gopher appears to be well isolated from Geomys 
bursarius Shaw, as shown on map Robert Kennicott (1858) remarked about this 
distribution: ‘‘East of the Mississippi it has been found in some parts of Indiana, 
Michigan, and Wisconsin; and on the great prairies, in central Illinois; also south 
and east of the Illinois River it is constantly met with. It is worthy of remark, 
if true as alleged, that the part of Illinois lying between the Illinois River and the 
Mississippi is entirely free from gophers, while they are abundant along the 


borders of the opposite sides of these rivers 
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Specimens examined.—Forty-seven Geomys bursarius illinoensis collected by 
the writers at Momence, St. Anne, Custer Park, Hopkins Park, Kankakee, Ottawa, 
Utica, Beaverville, and La Salle, Illinois; and Lake Village and Thayer, Indiana. 
Eleven skins and skulls from Clinton and Havana, Illinois, loaned through the 
courtesy of the U. 8. Biological Survey. Three old mounted specimens from 
Lacon, Illinois, at the Chicago Academy of Sciences. One mounted specimen 
from Champaign County, Illinois, at the University of Illinois Museum. One 
mounted specimen from Lacon, Illinois, at the Field Museum. A total of 63 
specimens from Illinois 

Geomys bursarius bursarius from Burnett, Pierce, Douglas, and Buffalo coun- 
ties, Wisconsin, loaned through the courtesy of the Milwaukee Public Museum 
Thirty specimens from lowa, Minnesota, South Dakota, North Dakota, and 
Missouri, loaned through the courtesy of the U. 8. Biological Survey. 

Pocket gophers taken near Beaverville, Iroquois County, Illinois, on February 
8, 1931, were in changing pelage. The winter coat is longer and much lighter in 
color. Two specimens taken at the type locality on the same date, also were of a 
lighter slate color, but no trace of brown was found on any of the gophers. 

Remark J. A. Allen (1869) remarks on the species: ‘‘Whether or not large 
rivers form impassable barriers to it [the pocket gopher], it seems to be well 
substantiated that while this animal occurs on the Iowa side of the Mississippi 
River and in central Illinois, or throughout that part of the latter state south 
and east of the Illinois River, it does not exist in that portion situated between 
the Illinois and the Mississippi. Mr. Kennicott refers to his having heard this 
reported, but was unable to vouch for the truthfulness of the account. When in 
this section of Illinois, however, I was repeatedly informed by competent and 
trustworthy observers who had resided in this part of the state since its first settle- 
ment, and who had traversed it extensively, that the pocket gopher did not exist 
in that portion of Illinois between these rivers. This fact seems the more strange 
when we remember that the gopher is common in portions of Wisconsin, being, in 
fact, very numerous in Winnebago and Fond du Lac counties, as I myself, have as- 
certained.’’ Howell (1910) remarks about the southern range as follows: ‘‘It « « « 
was found to occur very sparingly at Coulterville, Woodlawn, and Odin, and a 
few miles north of Olney It does not occur on the prairie about Duquoin, so that 
Coulterville is considered to be about the southern limit in the state [Illinois] 
Cory (1910) records a specimen in the Field Museum from Anderson, McCoupin 
County, Lllinois 

We have not been able to find any record of specimens taken in Indiana previous 
to our collecting, but Hahn, in 1908, writes as follows: ‘‘I have never collected 
it in Indiana, nor do I know of any specimens from the state in collections, but 
there is no doubt of its occurrence in Lake and Newton Counties. The only 
definite records | have are Shelby, Lake County, and Lake Village, Newton 
County Evermann and Butler (1894) also remark on its occurrence in Newton 
County, Indiana, but obtained no specimens The present writers obtaine d 
specimens in east central Illinois and in Newton County, Indiana, during 1930 
The Indiana specimens appear to be the first actual specimens recorded from that 
state, so far as the writers were able to ascertain from the literature and corre- 
spondence with institutions and individuals 


The Illinois pocket gopher is found living in the brown, sandy loam areas in 
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Fic. 1. A. Geomys recorded by Merriam (1895), but no specimens mentioned. 
B. Specimens from Wisconsin examined by the authors. @. Specimens of Geo- 
mys examined from Illinois and Indian: g. Other specimens of Geomys. +. 
Activities of Geomys observed by authors. 
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central Illinois and northwestern Indiana. In fact, on soil maps the brown. 
sandy loam areas appear to be correlated with the distribution of this subspecies 
within the region bounded by the Mississippi, Illinois, Kankakee, and Wabash 
Rivers. Momence seems to be the northern limit of its range. This supposed 
distribution, if correct, may be caused by two factors: (1) The Kankakee 
tiver may act as a barrier, since no pocket gophers or evidence of their activ- 
ities were observed north of this river; (2) the soil immediately north of the 
Kankakee River is not of the brown sandy loam; this is found much farther north 
The region north of the Kankakee River, that is, northeastern Illinois and south- 
eastern Wisconsin, was very thoroughly worked over by the writers in a mam 
malian survey from August, 1928, to October, 1930 

After a diligent search, we were unable to find pocket gophers south of the 
Kankakee River in the vicinity of Hoopeston and Danville, Illinois. Not any 
were observed in southern [llinois in Johnson, Pope, Pulaski, and Massac Coun- 
ties, which fact appears to bear out Howell (1910) that Coulterville, Illinois, is 
the southern limit of distribution. 

Komarek has trapped in southeastern Wisconsin, and never observed any 
pocket gophers in that section. Mr. Earl G. Wright, Chicago Academy of Sci- 
ences, who has lived in southeastern Wisconsin most of his life, states that he 
has never seen or heard of any Geomys in that part of the state. It appears that 
specimens from Fond du Lac County, recorded by Merriam (1895), are the south- 


ernmost records in that stat 


The accompanying map shows the range of Geomys in Illinois, Indiana, and 
Wisconsin, based on actual specimens All specimens of pocket gophers examined 
from Illinois and Indiana are slate-gray in color, while all those of Wisconsin 
appear to be Geomys bursarius Shaw 
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Upper. A. Geomys bursarius illinoensis, new subspecies. Type, male, No 
713, Chicago Acad. Sci.; Momence, Illinois; July 15, 1930. B. Geomvs bursarius 
bursarius Shaw. Male, No. 49187, U. S. National Museum, Biological Survey 
Coll.; Portland, N. D.; October 26, 1892 


Lower. Geomys bursarius illinoensis, new subspecies. Photographed at St. 
| l 


Anne, Lllinois, on July 15, 1930 (from motion picture film by the authors). 











MILLER—RED BATS OF GREATER ANTILLES 409 


THE RED BATS OF THE GREATER ANTILLES 
By Gerrit 8S. MILuer, Jr. 


1 


Bats of the genus Lasiurus! have long been known to occur in Cuba. 
That they inhabit other islands of the Greater Antilles is a fact that 
seems to have almost escaped record. In the U.S. National Museum 
there is the skin of an immature individual collected by W. F. March 
at Spanishtown, Jamaica, probably in 1868 (catalogued April 10, 1869 
and mentioned in my account of the genus published in 1897. There are 
also three adults from the same island, District of Vere, received from the 
Institute of Jamaica in 1898 The National Museum like wise contains 
four skulls found in owl pellets recently brought by Mr. H. W. Kreiger 
from a cave in southern Haiti 

Though the genus Lasiurus is thus shown to occur on three of the 
four main Greater Antillean islands it apparently has not yet been 
found on Porto Rico. Mr. H. E. Anthony does not list it in his Mammals 
of Porto Rico, Living and Extinct—Chiroptera and Insectivora (New 
York Acad. Sci., Scientific Survey of Porto Rico and the Virgin Islands, 
vol. 9, pt. 1, 1925) and I have been unable to discover records or speci- 
mens elsewhere. 

When the Cuban, Jamaican and Haitian specimens are compared with 
each other and with red bats from the eastern United States it is at once 
apparent that each island is inhabited by a form distinct from all the 
others. These forms are distinguished by such well defined characters 
that overlapping through individual variation seems improbable. I 
prefer, therefore, to use binomial names for them despite the fact that 
they are doubtless all local derivatives from on¢ widely distributed 
Stock. 


Lasiurus pfeifferi (Gundlach 


186] {ialapha pfeifferi Gundlach, Monatsber. k. preuss. Akad. Wissensch. 
1897. La is borea pfeiff Miller, North Amer. Fauna, no. 13, p. 110, 


Charact Differs from the red bat of the eastern United States in larger 
f ) 


size (forearm 42 mm. or more instead of 42 mm. or less; tibia about 21 mm. instead 


of 18.6-20 mm.), and in the marked reduction of the pale hair tips on both upper 


1 Gray, 1831, Zool. Miscellany, no. 1, p. 38, type, Vespertilio lasiurus Schreber 
V. borealis Miller. Under suspension of rules the International Commmission 
of Zoological Nomenclature has set aside the earlier generic name N ycteris Bork- 
hausen, 1797 (see Opinion 111, Smithson isc. Coll., vol. 73, No. 6, p. 18, June 


8. 1929 
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and lower surfaces of body 
of L 

Mea ureme 
Head and body 


thumb 7.0 } 


Skull equal in size to t 
borealis boreal 
t 4908 and 
21; f 
54, 


n Two adult males (Nos 
54; tail, 49, 48; tibia, 21 


; third finger, 89, 


) 


90; fifth finger, 


oo, 


width of ear, 10, 11; greatest length of skull, 13.8, 13 
13.0; zygomatic breadth, 10.0; interorbital cons 
braincase, 7.6, 7.8: depth of braincase, 6.0, 6.4: man 
row, 5.0, 4.8; mandibular toothrow, 5.0, 5.2 
Specimens examine Two, both from Trinidad, 
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hat of the largest individuals 


490° Amer. Mus. Nat. Hist 
7.0; forearm, 44, 42; 
10, 11; 
13 


oot, 8.0, 


5; ear from meatus 
9 


6; condylobasal length, 


triction, 4.6, 4.8; breadth of 
lible,—, 9.6; maxillary tooth- 
Cub American Museum of 


Lasiurus degelidus sp. nov 

Type, Adult female (in aleohol) No. 96187, U. 8S. National Museum. Sutton 
District of Vere, Jamai teceived from the Institute of Jamaica in 1898 

Characte Skull in two females larger than in two males of La pfeiff 
and cheekteeth (in crown view) conspicuously large: Color of females abou 
in brightest males of La borea borea but with no trace of gr l 
‘frosting’ on upperparts; underparts darker than in the mainland animal, and 
in two of four specimens, with no whitish tips on the irs of the chest, the white 
shoulder spots thus thrown into very strong reli 

Measurement Type and a second adult female (No. 96187): head and bod 
57, 53; tail, 53, 52; tibia, 22, 21; foot, 7.6, 8.0; foreart ! 45; thumb, 8.0, 8.2 
third finger, 94, 93; fifth fings 61, 60; « rom meat 13.2 * width of « 
11.4, 11; greatest length of skull, 14.2, 14.0; cone »b lengt 13.6, 13.4 
matic breadth, 10.0, 10.0; interorbit constriction, 4.8, 4.6; breadth of brain 
8.0, 7.8; depth of braincase, 6.0, 6.0 mandil 10.8, 10.4; maxillary toothr 
5.0, 4.8; mandibular toothrow, 5.6, 5.6 

Specimens e2 ? Four, all from Jamai yne t ‘ Spanishtow t 
otne rs Irom the Di trl 1 ol Vere 

asiurus minor sp. n 

] Skull with complete set molariform tes yut lacking Y 
incisor I I li 256505. | S Nation Luseu Fror owl pelle 
collect« \ Krieg n ti \ ite |] e situate ne 
Jacmel road K1 eters nor I j H Mar 6-7, 19 Alt 
1350 t 

( Sku noticea sma r t that e Cuban or Jamaicar 
species, its size about the me In ordinar pecime of La b 
ea from Virgini raincas¢ compared with that the mainland anim 
more rounded when viewed from above, and more flat-topped when viewed fro1 
behind; lacrimal ridge and tubercle poor le pe ipper cheekteet . 
tially like those o L f l ex t t pn smalle Exte I 
characters unknow1 

Vea ‘ y Cype I cond specime N 56507) from t é 
localit Greatest lengt ( Ku 13.0, 12.{ cor I iengt 12 
zygomatic breadt 9.2. 9.0; interorbit onstricti 4.6, 4.6; breadth of brair 
case, 7.6, 7.0; depth of braine 6.0 n ry toothre 4.2, 4.0 

Specimens exami Four skulls from the type k 

Di on of Mammal t nited Stat Vational Museum 
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TWO NEW SOUTH AMERICAN BATS 
By Gerrit 8S. MiLuer, JR. 


Among the South American bats in the collection of the U. S. National 
Museum I find representatives of the following two forms that appear 
to have not been hitherto described. 


Lichonycteris degener sp. nov. 


T ype Adult female (skin and skull) No. 239520, U. S. National Museum. 
Collected at Par srazil, July 22, 1923, by C. R. Aschemeier 
Characte Differs from Lichonycte ob 1 Thomas, as represented by a 


specimen from Dutch Guiana, in the more degenerate condition of the cheekteeth; 
premolars more widely spaced; m; and my with transverse diameter through pos- 


terior segment not reater than that through anterior segment 

Weasurement Type: Tibia, 11.6; foot, 8.6; 3d finger, 61; fifth finger, 47; 
ear from meatus (dry), 10.6; greatest length of skull, 19.0; condylobasal length, 
18.4: interorbital breadth, 3.8: breadth of braincase, 8.4; depth of braincase, 


6.8; mandible, 13.4; maxillary toothrow, 6.2; mandibular toothrow, 6.4. 


Specimen examined.—The typ 
Remar In naming this animal I am assuming that the specimen from Dutch 
Guiana represents Lichonycte ob ‘a, the type of which came from Nicaragua. 
The most obvious single character of the Brazilian species 1s the reduced condition 
of the posterior segment of the lower molars This segment in L. obscura is 


decidedly broader than the anterior segment. In color the type specimen differs 
from the Guianan skin in the less yellowish suffusion of the entire pelage: under- 
parts hair-brown instead of mars-brown; hairs of back ecru-drab with dark sepia 


tips instead of pale wood-brown with bister tips 


Thyroptera discifera major subsp. nov. 


Type Adult female (skin and skull) No. 105419, U. S. National Museum. 
Collected at San Julian, Venezuela, July 17, 1900, by Wirt Robinson and M. W. 
Lyon, Jr 

Characte Like the Central-American Thyroptera discifera d fera (Peters 
and Doria) but larger (forearm in five adults ranging from 34.6 to 35.4 as com- 
pared with 30 and 31 in two adults from Nicaragua; tibia 15.4 to 16.2 as compared 
with 13.6 and 14.6; greatest length of sku 14.2 to 14.6 as compared with 13.4 

V easurements T ype: Head and body, 48 (37.6) ;! tail, 28 (26); tibia, 15.8 (13.6); 
foot, 5.2 (4); forearm, 35.4 (31); third finger, 62 (69); fifth finger, 48 (41.6); greatest 
length of skull, 14.6 (13.4); condylobasal length, 13.0 (12.4); zygomatic breadth, 
7.0 (6.8); interorbital constriction, 2.6 (2.4); breadth of braincase, 6.8 (6.6); depth 
of braincase, 5.4 (5.2); mandible 10.6 (10.2); maxillary toothrow, 5.8 (5.6); man- 


dibular toothrow, 6.0 (5.8 


n adult female 7’. discifera discifera 


; 


1 Measurements in parenthesis ar 
from Escondido River, Nicaragu No. 51538 
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Specimens examined.—Eleven, all from the type locality 

Remarks.—In reporting on the collection of which this bat forms a part Robin- 
son and Lyon mentioned the large size of the Venezuelan T'hyroptera discifera as 
compared with the specimens from Nicaragua.? For reasons that now seem 
insufficient they refrained from formally separating the two races. 


Division of Mammals, United States National Museum. 


? Proc. U. 8. National Museum vol. 24, pp. 155-156. October 3, 1901. 


TWO NEW MAMMALS FROM CELEBES 
By Gerrit 8. Miiuer, JR. 


Further examination of the mammals obtained in Celebes by H. C. 
Raven shows that among them there are two, a bat and a black ape, that 


have not yet been described. 


Phoniscus rapax sp. nov. 


T ype Adult male (in aleohol) No. 199834, U. S. National Museum Collected 
at Paleleh, north coast of northeastern Celebes (about latitude 122°), August 25, 
1914, by H. C. Raven. Original number 1670 

Characters.—Similar to the small Sumatran Phoniscus atrozx and the large Javan 
P. javanus but intermediate in size; general form of skull less elongate than in 
the related species, the rostrum shorter in proportion to the inflated, deepened 
braincase. Teeth with no marked peculiarities; i, with a small but obvious fourth 
cusp 

Measurement Head and body 49; tail, 37; tibia, 17.0; foot, 8.0; fore 
arm, 35; thumb, 8.6; third finger, 73; fifth finger, 56; ear from meatus, 14; 
width of ear, 14; tragus, 8; greatest length of skull, 16.0 (14.8)!; condylobasal 
length, 14.6 (13.2); zygomatic breadth, 9.6, (9.0); interorbital constriction, 4.0 
(4.0); breadth of braincase, 7.8 (7.2); depth of braincase, 7.0 (6.2); mandible, 
11.4 (10.4); maxillary toothrow, 6.4 (6.0); mandibular toothrow, 7.0 (6.2). 

Specimen examined. The type 

Remark As might have been expected, the Celebean Phoniscu proves to 
be distinct from the species inhabiting Java and Sumatra. Externally the three 
animals appear to be very similar to each other except in size; forearm in two 
P. atrox 34 and 35, in P. rapaz 35, in three P. javanus 37.6-39; fifth finger in two 
P. atrox 47 and 49, in P. rapaz 56, in three P. javanus 56-57; lower leg in two P. 
atroz 22.6 and 23, in P. rapazx 25, in three P. javanus 27.4-28; greatest length of 





skull in two P. atroz 14.8 and 15.0; in P. rapaz 16.0, in three P. javanus 16.4-17.2. 


1 Measurements in parenthesis are those of the type of Phoniscus atroz. 
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Cynopithecus lembicus sp. nov. 


T ype.—Adult male (skull only) No. 217573 U. 8. National Museum. Collected 
on Pulo Lembeh, northeastern Celebes, May 30, 1916, by H.C. Raven. Original 
number 2471. 

Character Similar to Cynopithecus niger of the nieghboring Celebean main- 
land but smaller: Greatest length of skull in three adult males, 125.2, 125.4 
and 125.9 as compared with 143.3 and 144.5 in two adult males of C. niger; greatest 
length of skull in three adult females 111, 112.6 and 113 as compared with 124.5 
and 128.6 in two adult females of C. niger 

Color.—The color does not differ appreciably from that of Cynopithecus niger. 
In an adult male from Pulo Lembeh (No. 217563) it has the effect of being every- 
where essentially black, though the fur of the back and sides is drab beneath the 
surface, and this lighter color is evident when the skin is viewed from behind. 
The only entirely black fur is on the underparts. Outer surface of arm always 


grizzled by dull light gray annulation These sometimes extend downward 
nearly to the wrist In some skins a few are visible across the shoulders in certain 


lights. The drab under color (which sometimes, especially in females, permeates 
the vel ige except on the hands and feet und the gri led area on the outer side 
of the arm are two features of the coloration of Cynopithecus niger that appear to 
have been generally overlooked 

Measurement I'y pe Head and bod) 520: foot,? 165: greatest length of skull, 
125.4 (143.3); condylobasal length, 96.7 (112.0); zygomatic breadth, 80.6 (87.8); 
postorbital constriction, 42.5 (43.5); breadth across middle of both orbits, 61.0 


(70.5): interorbital constriction, 5.5 (6.4); maxillary breadth at anterior base of 
zygoma, 58 + (53.3): maxillary breadth across canines, 41.3 (44.6): breadth of brain- 
case, 62.6 (64.6); height of braincase above backward projection of alveolar line, 


59.6 (69.2): mandible, 97.4 (105.1): depth of man » through coronoid process, 





42.3 (51.0); maxillary toothrow including canin 47.8); maxillary molar-pre- 

molar series, 33.1 (34.5); mandibular toothrow including canine, 49.7 (55.4). 
Specimens examined.—Six skins and nine skulls, all from Pulo Lembeh. For 

comparison the National Museum contains 18 skins and 22 skulls of Cynopithecus 


niger from Celebes proper 
Division of Mammals, United States National Museum 


2 Collector’s measurements; skin not received in Washington 
Measurements in parenthesis are those of an adult male Cynopithecus niger 


(No. 217571) from Temboan, northeast Celebes (about latitude 124° 30’). 
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LOWER OLIGOCENE RHINOCEROSES OF THE GENUS 
TRIGONIAS 


By Horace E_mer Woop, 2Np 


Gregory and Cook (1928) recently published a very thoughtful and 
valuable paper on the remarkable T'rigonias collection from the Lower 
Oligocene of Weld County, Colorado, now in the Colorado Museum of 
Natural History at Denver. As their paper presents its material in 
highly concentrated form, Professor Gregory suggested that I should 
undertake an evaluation of their results on the basis of my previous 
work on the genus (Wood, 1927), which covers all known specimens ex- 
cept those at Denver. A several days’ visit to Denver in 1928 gave me 
an opportunity to study the collection described by Gregory and Cook, 
as well as a number of additional specimens collected too late to be 
included in their study. I was also privileged to visit the Weld County 
Quarry. 

I wish to acknowledge my indebtedness to Professor W. K. Gregory 
for his suggestion that I undertake this study, as well as for his helpful 
criticism; to Mr. H. J. Cook, former Curator of Fossil Vertebrates at 
the Colorado Museum, for permission to study this material and to visit 
the ‘“‘Trigonias Quarry,’ which is leased by the Museum; and to the 
staff of the Colorado Museum for their assistance during my visit. I 
am indebted to Dr. Florence Dowden Wood for the drawings, and to 
Mr. Albert Elmer Wood for assistance in making measurements, and 
in the partial development of a number of specimens. 

The locality of the quarries is twenty-three miles northeast of New 
Raymer, by road, and fourteen miles north of Stoneham. The two 
quarries are closely adjoining, in Township 10 North, Range 57 West, 
Sections 26 (Lower Quarry) and 27 (Upper Quarry). The altitude is 
about 5000 feet. In an unpublished study of a sample of the Lower 
Quarry sediment, Mr. Arthur D. Howard finds a high proportion of 
volcanic shards to other identifiable minerals. Extensive kaolinization 
has obscured the character of most of the components, but he considers 
it strongly probable that the material represents an altered tuff. Wan- 
less (1922) reports “occasional fragments of pumice and volcanic glass”’ 
throughout the Titanotherium and Oreodon clays of the Big Badlands 
Oligocene, but this sample would seem to be more predominantly vol- 
canic, as is Wanless’ sample from the Oreodon Beds of Lewis Creek, 
Colorado. There is no possible question that the Weld County Quarry 




















WOOD—LOWER OLIGOCENE RHINOCEROSES 415 


is of Chadron age. It is probably equivalent to an early phase of the 
ypical Titanotherium Beds of the South Dakota Oligocene. 

Gregory and Cook’s general conclusion can best be quoted as follows 
(page 4): 


“Indeed, if the series were less complete, were the specimens from different 
localities or horizons, and had we chanced also to find only the extremes of varia- 
tion, we should have felt no hesitation, according to widely accepted standards 
in palaeontology, in describing at least seven ‘new species’ representing possibly 
three different genera; but these extreme differences are bridged over by numerous 
intergrading conditions and combinations of characters, so that one soon gets 
the impression, on the one hand, that the Weld County series reveals a highly 
plastic condition of the rhinoceros popul ition from which natural selection might 
accentuate and stabilize the differences in the premolars so as to give rise to the 
different ‘species’ already known from the next higher horizon; on the other hand, 
that extensive hybridism between formerly distinct races was actively going on. 

While we thus incline to the hypothesis of extensive hybridism between 
originally distinct races, for the sake of convenience in describing and cataloging 
the material we nevertheless designate the various groups or individuals as vari- 
ants or ‘species’ realizing full well that these terms in this instance, and perhaps 
in many others, merely signify a definable set of characters in certain individuals.”’ 


This conclusion, which is also illustrated in the series of graphs and tables, 
certainly accords with the evidence, and serves as a timely warning of 
the pitfalls of species making. It also is an evidence of the coming period 
of interpreting paleontologic data in the light of the background fur- 
nished by genetics. 

Gregory and Cook’s first alternative explanation of the causes of the 
intermingled characters seems the more probable—that incipient specia- 
tion was occurring. Some of these types seem to be leading to later and 
more distinct forms. There is no evidence in the Eocene of any “‘for- 
merly distinct races” of Trigonias which might hybridize to produce the 
Weld County assemblage. Nor am I able to agree with the apparently 
implied assumption (page 4) that an area undergoing erosion is thereby 
less able to support life than one receiving sediments, and that, therefore, 
there is reason to assume that isolated geographic races of rhinoceroses 
extended their range with the resumption of sedimentation in the 
Chadron. 

Starting from an essentially similar viewpoint as to the actual situa- 
tion involved in the Weld County assemblage, Matthew (1930) takes a 
diametrically opposed view as to the desirability of giving taxonomic 
recognition to variants of this kind. He writes: 


‘‘We should not, in other words, expect to find two or more closely related spe- 


cies living together at the same time, within the same area, and with the same 
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habitat, causing their remains to be preserved together in the same quarry. We 
should expect to find that the individuals either intergrade or that the variations 
are distributed among different individuals in the manner that results from 
intercrossing of different breeds or strains. . . . . This is equally true of the 
Lower Oligocene rhinoceros T'rigonias.’’ 

“There is every reason to believe on ecologic and other grounds that this 
series represents one genus and one species thereof, the wide range of variation 
in structure of the cheek teeth illustrating how little value should be attached 
to the complex detailed phylogenies with numerous species and many so-called 
genera, that have been built up on the comparison of numerous fragmentary 
specimens from various localities.’’ (Matthew, 1931.) 


This Trigonias material brings up the old question of what is a species, 
which the geneticist is hardly better able to answer than is the taxonomist. 
However, from the view-point of convenience, it is certain that some 
of these specimens are sufficiently different from the rest to require 
individual mention, and may, therefore, deserve individual designations. 
Obviously, we cannot be sure whether they would have been sterile 
inter se, or not, nor even whether sexual repugnance existed between 
them in life. Convenience is the only real criterion, especially in paleon- 
tology, for deciding whether or not to give taxonomic recognition to 
morphologically distinct variants. It is, at least, a tenable point of 
view that it is legitimate to name any variant sufficiently distinct to 
require individual discussion. 

Study of the entire group of thirty-five skulls (excluding only those 
with the teeth too worn or too damaged to be of any interest) showed 
that they are all much of a size, even including the smallest, ?Caenopus 
premitis. Gregory and Cook’s measurements confirm this impression. 
For example, the extremes in length of P'-M? are 208 mm. and 175 mm. 
Such extremes for a normal curve of distribution would certainly not 
warrant specific distinction. Since all members of this assemblage of 
forms were much of a size, such “speciation”? as was occurring was 
along qualitative, rather than quantitative lines. Again, although the 
skulls differ somewhat in proportion, the differences are very moderate 
indeed, particularly when the effects of crushing are allowed for. 

Gregory and Cook’s ingenious graphs are of considerable interest in 
showing the extent of variability in various characters, and the degree of 
correlation between different characters of the various individuals. 
The distribution of some of these characters seems entirely fluctuating; 
other characters tend somewhat to separate the individuals into groups. 
There is, however, always the danger in fitting material into such a 


formal plan that the verbal definition of a specimen may not give a true 
impression of its actual character. 
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By means of this extensive series of specimens, Gregory and Cook 
were able to settle a number of significant questions regarding tooth 
succession. They show that in Trigonias (and, presumably, in its var- 
ious relatives) the enlarged lower tusk is the second incisor; that, prob- 
ably, I; is lost before C,; and that there is no succession in the case of 
the first upper premolar. This has long been regarded as the case with 
the first lower premolar. The positive demonstration that the lower 
tusk is I, is particularly interesting, in view of the fact that Stehlin 
(1930) has now definitely established the fact that in at least one Euro- 
pean rhinoceros there are two incisors on each side, in front of the lower 
tusks, so that the enlarged tooth must be I; or C;. This appeared to 
be the case in the type of Epiaceratherium (Ronzotherium) gaudryi 
(Rames), new combination, but some doubt was possible in regard to 
the interpretation of the right lateral incisor, which might have been 
considered a retained deciduous tooth. Stehlin’s closely comparable 
specimen (which he calls Engyodon |=Eggysodon| sp. and which is 
probably conspecific with Epiaceratherium gaudryi) removes any ques- 
tion. As Stehlin pointed out, the size and erectness of the tooth is 
more suggestive of a canine than of an enlarged incisor; and there is no 
precedent for enlarged I; in rhinoceroses or other perissodactyls (except 
tapirs). Roman’s data (1912), as well as unpublished evidence, would 
best fit with the view that the enlarged teeth are canines rather than third 
incisors. Considering all available data, it appears that Epiaceratherium 
belongs to a separate subfamily of true rhinoceroses, paralleling the 
Amynodontidae, with enlarged canines (or, barely possibly, I), and 
including the following described forms: Ronzotherium gaudryi Rames, 
Eqgysodon osborni Roman (not of Schlosser), Eggysodon pomeli Roman, 
Epiaceratherium bolcense Abel, and Epiaceratheritum turgaicum Borissiak. 
In spite of the general similarity of Epiaceratherium to other true rhinoc- 
eroses, this line must have split off from them at a very early stage, be- 
fore I' and I. began to enlarge. This would add the new subfamily 
Epiaceratheriinae to the seven or so other subfamilies of true rhinoceroses. 
Matthew (1931) failed to recognize the clear demarkation of Epiacera- 
therium from all other true rhinoceroses, in having C, enlarged, instead 
of I' and I», but his opinion that it was close to the other Oligocene 
rhinoceroses was warranted by the data known to him. Further dis- 
cussion of the relationships and valid species of this group is reserved 
for a separate paper on the earlier European rhinoceroses. 

Generic definition of Trigonias: Primitive, hornless, dolichocephalic, true 
rhinoceroses with functionally tetradactyl manus, known only from the Chadron 
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Formation (= Titanotherium Beds, Lower Oligocene) of Colorado, Nebraska, 
and South Dakota.! The nasals and premaxillaries are elongate, and the latter 
are closely appressed and may be more or less suturally connected. I*; C)-\, 
P4,, M’;. Of the front teeth, only I' and I, are functionally important. P" is 
relatively large. In the more primitive members of the genus, the protoloph of 
P? has an unusually low connection with the ectoloph for a true rhinoceros, a 
situation suggesting Hyrachyus. P*is never fully molariform, the hypocone being 
principally attached to the protocone, and separated from the metaconule by a 
valley. M?* may retain a trace of the posterior buttress. (See Wood, 1927, pp. 
198-215, for additional data and discussion.) 


Gregory and Cook’s summary of the morphological divergences of 
the Trigonias Quarry material requires some modification (page 5). 
“This divergence runs all the way from a much more primitive con- 
struction than that found in 7’. osborni to complete molarization of all 
the pre-molars, advanced as far as the condition found in the upper 
Oligocene forms of the genus Caenopus.’”’ I should state the case as 
follows: This divergence runs from a primitive stage of 7’. osborni to 
virtually complete molarization of the second and third premolars 
and marked progress in the last, comparable to upper Middle Oligocene 
species of Subhyracodon. On page 5, by a misprint, T'rigonias is defined 
as having none of the upper “molars’”’ strictly molariform, when, of 
course, ‘“‘premolars”’ is intended. I disagree slightly with the authors 
as to the relative primitiveness of the different stages of premolar evo- 
lution shown in their figure 5. Taking into account the general trends 
of rhinocerine evolution, | should arrange them in the following order 
(in relation to the characters shown in these figures only): K, C-diverg- 
ing in one direction, then after K, on the main line, D, and F, then, a 
marked advance, E. 

[t will be observed that I group these specimens somewhat differently 
from Gregory and Cook. Another worker might handle them still differ- 
ently; this is, however, the set of cubbyholes which seems to me to 
permit the most natural arrangement of the specimens. The diver- 
gences in possible viewpoints show the intergrading character of most 
of the material. In general, I prefer to take a position more conserva- 
tive than that of Gregory and Cook, but less so than that of Matthew. 


1 Dal Piaz (1929) mentions T'rigonias ombonii from Monteviale, Italy, of which 


ol 


the description is apparently to appear shortly. If, as seems almost certain, this 


name refers to the material which I saw in Padua in 1927, it has no significant 
relation to Trigonias, but belongs in Epiaceratherium. 
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Trigonias osborni osborni Lucas 


Figures: Lucas, 1900, 1 and 2, (fig. 1 reproduced in Scott’s ‘‘Land Mammals’”’ 
fig. 177); Hatcher, 1901, Pl. I, figs. 1 and 2, Pls. I-IV; Troxell, 1921, p. 46, fig. 3; 
Cockerell, 1923, p. 275; Wood, 1927, figs. 20-28; Gregory and Cook, 1928, Pls. 
I and III. 

Synonymy: Trigonias osborni Lucas, 1900; Caenopus platycephalus nanolophus 
Troxell, 1921; Trigonias osborni figginsi Gregory and Cook, 1928; T'rigonias osborni 
secundus Gregory and Cook, 1928 

The characters of 7’. osborni have been fully discussed elsewhere (Wood, 1927). 
I disagree with Gregory and Cook that T. nanolophus (Troxell), Troxell, fig. 3, 
1921, is probably a good species. It seems to me, as I indicated in 1927 (p. 213 
214), to be almost identical with Lucas’ type specimen of T’. osborni osborni, allow- 
ing for the difference in the amount of wear 

The type of Trigonias osborni figginsi Gregory and Cook, Cat. No. 897-H, 
Colorado Museum (Gregory and Cook, PI. I and IIIb) appears to be inseparable 
from the type of Trigonias osborni Lucas (Wood, 1927, figs. 20-21) and becomes, 
therefore, asynonym. The stated differences from Hatcher’s referred specimens 
(Hatcher, Pl. I, II, and IV, and Wood, figs. 22-24) can be explained by crushing 
and extensive tooth wear. I', C' and P'~* seem very similar to Lucas’ type. The 
only difference observed is that the outer attachment of the protoloph of P? 
of ‘‘figginsi’’ seems lower, as the dentine areas of the protoloph and ectoloph are 
still separate. However, they would coalesce on further wear. Skull C (Cat. 
No. 881, Colorado Museum, Gregory and Cook, Pl IVB), referred to T'.. osborni 
figginsi, seems to belong in Trigonias hypostylu 

The following Colorado Museum specimens seem to be definitely referable to 
Trigonias osborni osborni: Cat. Nos. 420, 421, 879, 888-E’, 892-H’, 897-H (type of 
T’. “‘figginsi’’), 955 (which, however, has some peculiar features), 1024 (cf., how- 
ever, 7’. precopet), 1051, and 1052 

There is an unusually long sharp crista on the right P* (but not on the left 
P*) of 7. osborni osborni, Cat. No. 1050 R, reaching from the ectoloph across 
to the protoloph and forming a small basin, as in certain hyrachyids. This 
resemblance, of course, is entirely due to parallelism. Otherwise, this specimen 
is commonplace. Neither P? is quite molariform. Left P? has a fully developed 
metaloph, closely united with the protoloph. The hypocone of right P? is about 
equally connected with the protoloph and the metaconule 

A young individual, Cat. No. 422 (B), Colorado Museum, has more primitive 
P*s than any other specimen of T'rigonias, or, for that matter, than any other true 
rhinoceros which I have seen (fig. 2). It does not seem advisable to separate it, 
however, from the 7’. osborni osborni group. The second upper premolars have 
hardly advanced beyond the third and fourth, so that they suggest the condition 
in Hyrachyus. The connection between the ectoloph and protoloph of P? is 
very low and the median valley opens to the rear over the low wind-gap between 
the hypocone and the metaconule. The hypocone, although defined from the 
protocone by a deep internal groove, is essentially a portion of the protoloph. 
The tooth is slightly worn; previous to this wear, the tips of the protocone and 
hypocone would apparently have been slightly separated. Both of the P* and 
the right P* are in place. The left dP* had not yet been replaced. P* and P* 
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are generally like P?, except that the wind-gap is lower in P* than in P*, and the 
median valley of P* is completely open to the rear. The hypocone is only slightly 
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Fig. 1. Phylogenetic chart of the genus Trigonias and related American forms 


defined in P* and not at all in P*. On the right, P* and M? are cutting the gums; 
left M* had not yet erupted. 
Cat. No. 1055 (W) Colorado Museum, appears to be a primitive member of 7’. 


osborni osborni, with certain peculiar features. Both of the P*s have a wide gap 
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to the rear between the metaconule andthe hypocone. Both ofthe P*s are normal, 
and similar except for the hypostyle on left P*; right dP* is not yet replaced. 
The left dP* has either a twinned metaconule, or a hypostyle misplaced to the 
front. Except as noted, hypostyles are not present. This individual shows some 
tendencies toward Trigonias hypostylu 

Cat. No. 421, Colorado Museum, appears to be referable to T. osborni osborni. 
Left P? is a little unusual, since the hypocone is transversely elongated, although 
its dentine is not yet quite confluent with that of the metaconule. Left P* is 
peculiar, since it has twinned metaconule and metacrista, connected at their 
tips and enclosing a small basin. 
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Fig. 3. Left P'’-M! of holotype of Trigonias cooki, new spec ies, Cat. No. 1053, U 
Colorado Museum 

Fig. 4. Left P*M? of holotype of 77 jonias co ki, 
U, Colorado Museum 


new species, Cat. No. 1053, 


Cat. No. 955, Col 
It is a young individual, with dP‘ still in place. The protoloph and metaloph of P! 


rado Museum, is a progressive variant of 7’. osborni osbornt. 


are complete and nearly parallel, and accessory internal cuspules occur in front 





of the protoloph. P? is unworn and almost fully erupted. The protoloph and 
metaloph are fully separate, nearly down to the level of the cingulum. The 
metaloph seems to hook to the rear more than usual. The protoloph has almost 
no connection with the ectoloph. In P*, the hypocone is defined from the proto- 
cone by a faint, internal groove only. The metaconule is widely separate from 


the hypocone, leaving a posterior opening to the median valley. 
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Cat. No. 1026, Colorado Museum, here regarded as referable to 7. osborni 
osborni, has the transverse lophs of P? separate nearly to the level of the cingulum. 
The metaloph of right P' forms (with the protoloph) a nearly continuous antero- 
posterior ridge, not at all connected with the ectoloph. P* is very progressive 
for T’. osborni; it is more progressive than in 7’. osborni precopei. The hypocone 
is as high as the protocone, well separated from it at the crown, and connected 
with the metaconule almost as much as with the protoloph, enclosing a V-shaped 
basin. The dP‘s had not yet been replaced. This specimen is quite progressive, 
but its features do not require taxonomic recognition. P* of this specimen follows 
alternative 3b in its metamorphosis (Wood, 1927, p. 238); that is, the hypocone 
joins the metaconule before it has separated from the protocone, completely 
enclosing the median valley. This is the course apparently followed by P? in 
the Trigonias osborni group, although P? of Cat. No. 421, Colorado Museum, sug- 
gests the alternative possibility that the hypocone may have been an isolated 
cusp for a time, before joining with the metaconule. 


Trigonias osborni var. secundus Gregory and Cook 


The authors make, here, for the first time, a much-needed distinction between 
the hypostyle, a separate independent cuspule, appearing in the post-fossete, 
and their ‘‘metacrista’’ (new term), a projection mediad from the metacone 

The holotype is Cat. No. 884-F, Colorado Museum, Gregory and Cook, Pl 
IIIA. This variety seems very doubtfully distinct from 7. osborni osborni. It 
might be used to indicate the more primitive specimens of 7. osborni, with P? 
definitely premolariform, that is, with the hypocone connected with the protocone 
and partly separated from the metaconule. This is shown to be a doubtful basis 
for varietal distinction, however, by Cat. No. 1051-S, Colorado Museum, in which 
the right P? agrees with advanced specimens of 7’. osborni osborni, while the left 
P? agrees with 7’. osborni secundus. In Cat. No. 884 (F), Colorado Museum, the 
holotype of 7. osborni secundus, the metaloph is the only transverse crest on P'. 
The only sign of a protoloph is a basal cingulum in the right position to give rise 
to it. P*? has the hypocone demarked from the protocone, but connected to it 
The median valley escapes over a ‘‘wind-gap’’ between the metaconule and the 
protocone. In P* and P*, the hypocone is less demarked, the metaconule is 
attached to the protocone, and the lowest point in the divide, in an unworn tooth, 
would probably have been between the metaconule and the hypocone. The left 
P* has an accessory Cusp, probably an outwardly) -displaced hy pocone Both P*s 
have metacristae, the only distinctive subspecific character that could be con- 
sidered definitely valid, since it is present on both sides. This hardly seems a 
sufficient basis to establish a new variety. The right P* has the hypocone at- 
tached only to the rear of the metaconule. This seems, at first glance, a very 
distinctive character, but with a little less wear it would appear as an isolated 
cusp, as in Cat. No. 12308, A.M.N.H., or, with a little more wear, every distinctive 
feature of the pattern would be cbliterated. I do not feel that this variety can 
justifiably be established on this specimen; particularly in view of the character 
of Cat. No. 1051 (S), Colorado Museum, described below. 

In Cat. No. 1051 (S), Colorado Museum, the median valleys of the right and 
the left P*-* open to the rear, asin 7. osborni osborni. In the right P?, the trans- 
verse lophs are fully separate to below the level of the cingulum, so that the tooth 

















WOOD—LOWER OLIGOCENE RHINOCEROSES 423 


is molariform; in the left P?, the hypocone, although a definite cusp, is attached 
to the protocone, and there is a ‘‘wind-gap’’ between the hypocone and metaco- 
nule. The left premolars had previously been covered with matrix so that their 
character had not been observed. The P's have two lophs, the protolophs much 
lower than the metalophs and looping around against them. On the whole the 
left P? could best be referred to 7’. osborni secundus, while the right P? resembles 
T. osborni or T. precopei. It would, then, seem reasonable to regard 7’. osborni 

indus as being merely an aggregation of the more primitive individuals of 
T.. osborni osborni. The Colorado Museum specimens of this general category 
are: Cat. Nos. 884 (F), the type; 422 (B), referred by Gregory and Cook to T. 
figginsi; 876 (M); 880; 951 (1); and 1051 (S), all of which intergrade with 7’. os- 


} } y } he i] 


Trigonias osborni precopei Gregory and Cook 


Gregory and Cook, 1928, Pl. VITA. 


Synonymy: Trigonias precop Gregory and Cook, and Trigonias preocci- 
dentalis Gregory and Cook. The holotype is Cat. No. 414, D, Colorado Museum 
Gregory and Cook, Pl. VII This form can only stand as, at most, a progres- 
S variety of 7’. osborni, rather than distinct spec ies. The lophs of P are 
fully eparate, in some individuals of 7’. osborni osbor? The metaconules of 
P? and P* are a little more closely attached to the protocone than in 7’. osborni 

bor? [hese characters make it legitimate to regard this form as a progressive 
phase of 7’. osbor7 The resemblance to Subhyracodon copei in premolar pattern, 


observed by Gregory and Cook, is unquestionable, but the interpretation of this 


resemblance is another matter. Certainly, this is the only known form, whether 
of Trigonias or of anything else, that seems even faintly plausible as an immediate 
ir. On the other 


sr than the earlier species of Subhyracodon, and retains 





estor of Subhyracodon in general and S. ce 


in particul 





hand, it is materially larg 





the full 7 yonia comple ment of front teeth, whereas the Lower Oligocene species 


of Subhyracodon have already completely lost I* and C,, and frequently, C! also. 


he question whether T'rigonias oshor?r precoper gave rise to Sub/ y acodon cope : 
should be kept open until more data come to hand. I, personally, doubt that 
it a 

[ am unable to regard Trigonias preoccidentalis Gregory and Cook (Gregory 

id Cook, Pl. VIB), based on Cat. No. 878, G, Colorado Museum, as a valid form. 
[It seems to be a synonym of T’. osborni precop The main differences are due to 


the greater amount of wear suffered by the type of 7’. preoccidentalis, for which, 
it seems to me, the authors do not allow sufficiently If the type of T'. osborni 

ecop were worn down, it would have an identical pattern Cat. No. 1056, X, 
Colorado Museum, is just a shad less worn than Cat. No 878, and shows exactly 
yn the left P* and the right P* while the right P* and the 


transitional pattern 


left P* are identical with Cat. No. 878. Minor differences exist in size, in the 
ttachment of the metaconule of P* to the protocone instead of to the hypocone, 

1 in the partial interruption of the internal cingulum by the hypocone of P®, 
but they hardly seem to require taxonomic recognition. In any case, this is not 
the ancestor of Subhyracodon occidentale, as the name would suggest, since the 


derivation of the latter from S. copei is lequately demonstrated (Wood, 1927 
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and 1929a). The individuals referable to T. osborni precopei are: Colorado Mu- 
seum Cat. Nos. 414 (D), the type of precopei; 1026; 1056 (X); and 878 (G), the 
type of pre occide ntalis. 


Trigonias taylori Gregory and Cook 
Gregory and Cook, 1928, Pls. II and VA. 


The holotype is Cat. No. 1029 (K), Colorado Museum. Al!though the peculiari- 
ties of this skull may have been slightly accentuated by post-mortem crushing, this 
could only explain a minor part of its peculiar features. I should be tempted to 
consider this individual as an achondroplastic mutant, paralleling similar mutants 
observed in goldfish, bull-dogs, man, and the Austrian cave bears. It should be 
observed that it, as well as 7’. wellsi and T’. hypostylus, are slightly less progressive, 
as to premolar metamorphosis, than the typical 7. osborni osborni, and may have 
been derived from some slightly more primitive stage. T'. taylori certainly de- 
serves specific rank if it is regarded as a race, and not merely as an abnormal 
individual, since it is at once primitive in some features, and aberrant in others. 


Trigonias hypostylus Gregory and Cook 
Gregory and Cook, 1928, Pl. VB 


The holotype is Cat. No. 886, J, Colorado Museum. The chief specific char- 
acter is the presence of hypostyles on P* and P* (Gregory and Cook, Pl. VB). 
The transverse lophs of P?, though distinct, unite well above the cingulum, as in 
Cat. Nos. 1054 (V) and 881 (C), referred to this species. The hypostyles of P 
become confluent, after some wear, with the ectoloph; those of P* are still very 
distinct from the ectoloph. LP* has an accessory cusp between the metaconule 
and the protocone, occupying the posterior outlet of the median valley. 

Skull C (Colorado Museum, Cat. No. 881), referred by Gregory and Cook to 7 
osborni figginsi (Pi. IVB), should be placed in 7’. hypostylus, chiefly because of its 
agreement with the type of the latter in the presence of hypostyles on P* and P*, 
The two are close to the same size, and, in any case, every one of these Colorado 
specimens is within the probable range of specific variation in size of every other 
specimen, and hence their size characters are not especially significant Pp? 
differs from the type in the fact that the protoloph trends more to the rear and is 
more closely connected to the metaloph In P*, the hypocone and metaconule 
are closer together and the hypostyle is a shade smaller than in the type. The 
hypostyle of the right P* is a high conical cusp. That of the left P* is crescentic, 
nearly connecting with the metastyle and metaconule, so that further wear would 
make it appear even more like a backwardly swinging metaconule than do P*~ of 
Cat. No. 1054, V, Colorado Museum. The right P* has a small metaconule, the 
left P* a tiny one, 

The exact character of a third specimen, probably referable to 7. hypostylus, 
Cat. No. 1054, V, Colorado Museum, is in doubt, due to extreme wear. Hypo- 
styles may have been present on both P*s and on left P*, or these may have been 
metacristae, or this appearance may have been due to the metaconule looping 
around all the way to the rear. This last is the case on the right P*, which cer- 
tainly did not have a hypostyle. 
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Another individual suggesting intergradation between T. osborni and T. 
hypostylus is Cat. No. 1055, W, Colorado Museum. A hypostyle is present on 
the left P?. There are no hypostyles on the left P?, or the right P*-*. The left P4 
has what may be called either an accessory metaconule or a misplaced hypostyle. 

Trigonias hypostylus is an ideal ancestor for Trigonias wellsi Wood. In view 
of the close general resemblance of T'. hypostylus to T. osborni, and of the partly 
intergrading specimens described above, the two forms would appear to be closely 
related. On this basis, I now feel that I formerly gave T 
long a line of independent ancestry (Wood, 1927, fig. 1). 


4 


. wellsi somewhat too 


Trigonias cooki, new species (figs. 3 and 4) 


The holotype is Cat. No. 1053, U, Colorado Museum (figs. 3 and 4). The name 
is given in recognition of the work done on fossil rhinoceroses by Mr. Harold 
J.Cook. The cheek teeth are very advanced for a member of the genus Trigonias 

even more advanced than T'rigonias gregoryi, although not nearly as large as 
the latter. Its closest resemblances are with 7. gregoryi, of which it may be 
The skull has about average proportions for 
this material. Such crushing as occurred was dorso-ventral. The right and the 
left P\-M® are present, the premaxillaries and front teeth having been lost. P! 
is of normal type, with both transverse lophs looping to the rear, internally. P? 
and P* have parallel transverse lophs, fully formed, and separate down to the level 
of the cingulum. P? is very similar to P? of 7. gregoryi, but P 


considered a collateral ancestor. 


is much more 
advanced so that this form seems to be barred from direct ancestry to 7’. gregoryi. 
The internal cingulum of P? is nearly interrupted by the protocone; the internal 
cingulum of P* is complete; that of P* is nearly interrupted by the hypocone. 
None of the cheek teeth have external cingula. M' have no internal cingula. 
M* has a poorly marked internal cingulum on the protocone, and a strong posterior 
cingulum rising externally into a small cuspule. A faint depression and swell 
mark the position of the lost posterior buttress. P* has an oval hypocone at- 
tached to the posterior flank of the protocone, and separated from the metaconule 


by a wide valley, so that the median valley opens widely to the rear. 
P* has the inner tip of the metaconule incipiently twinned. 
of M?-* have wide ‘‘flood plains.’ 


The right 
The median valleys 
The protocone of M! is well set off from the 
protoconule, both anteriorly and posterior! The protocone of M? is faintly 
defined anteriorly, and fairly well to the rear. That of M® is faintly defined to 
the rear, with only a bare trace anteriorly The left M 
the 


has a small cuspule on 
anterior cingulum, which is not represented on the right M°. 


Trigonias cooki, new species, Cat. No. 1053, U, Colorado Museum 


Right Left 
mm mm, 

Nasals to occipital crest - 465 464 
Across zygomas 241 
Occiput, above condyles ; ; 112.5 113 
Jetween Ps 47.5 
Between M's 58.0 
P'-M 203.5 203.0 
P? M: 


184 184 
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— 
5 
vs 
x 


P!, A-P 
P!, Tr 17 
Pp?, A-P 19.5 19.5 


_ 





P?, Tr. (across met iloph 29 29 
P?, A-P 24.5 24 
P?, Tr (across protoloph = 34 
P*, A-P 24 23 ) 
P*, Tr (across protoloph 38.8 38.6 | 


nw 
to 


M!, Tr (across pro i 
M?, A-P 42 42 

M?, Tr (across protoloph 48 18.1 

M’, A-P 39.2 39 
M?, Tr (across protolopt 43 44.2 


M', A-P 36.2 35 


? Caenopus premitis Gregory and Cool 
Gregory and Cook, 1928, Pl. IVA 


The holotype is Cat. No. 1025, E, Colorado Museum, (Gregory and Cook, 





Pl. IVA This last member of the Weld County group is a distinctive form, 
whatever its affinities Gregory and Cook are doubtful whether it belongs in the 
genus Caeno7 (sensu strict or in Trigonia nd suggest that it gave rise to 
( aenop mat This spe imen is intermediates between 7 jo? l and Caenopu 
ensu strictu) in definable premolar character ut is more like Caenopus mit 
It is intermediate between the two, in siz« P? and P* are less progressive than in 
Caenopus mitis, P* is in the same evolutionary stage. The paratype of Caenopu 
and the type of ?Caenopus premitis are about equally worn, but the protoloph 
and metaloph are separate in P of C. mitis and united in /¢ aenopus prem and 
in P* of C. mitis the transverse lophs are quite distinct, but much less so in pre- 
and the ‘“‘mure’’ of p is less marked. The molars are intermediate in 
character between Trigonias and Caenop for example, M? is intermediate in 
outline between the trapezoidal shape of T'rigonias and the subrectangular shape 
of Caenopu M? retains a trace of the posterior buttre ?Caenopus premit 
may well be, as Gregory and Cook suggest, an intermediate stage between T 
and Caenop en trict The resemblances to C. mitis are certain! 
striking, but ?C. premitis is materially larger (the length of P'~‘ is 80 mm., 
compared with 69.5), and the premolar internal cingula are much stronger. Until 


the discovery of further evidence, the alternatives of parallelism with Caenopu 


versus ancestral rel: 


itionship to it, should be left open 


CONCLUSIONS 


1. Most of the rhinoceros material from the Weld County quarry is 


closely interrelated. It appears to show the beginnings of later specia- 
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tion. The question as to just what taxonomic recognition should be 
given to the different strains has been answered in diametrically opposed 
fashion by Gregory and Cook, and by Matthew, without any serious 
difference of opinion as to the actual facts involved. I have taken a 
somewhat intermediate position, solely on the basis of convenience, 
and without any mystical views as to what constitutes a “real’’ species 
in paleontology. This view is expressed in diagrammatic form on the 
phylogenetic chart (fig. 1). One new species, T'rigonias cooki, is des- 
cribed, and three other forms are reduced to synonymy. 

2. Matthew (1931) apparently regards the genus Trigonias as an- 
cestral to all other true rhinoceroses. This view seems unduly simplified. 
At the most, T’rigonias may be directly ancestral to a very few European 
and to most American forms. Some of the evidence for this has already 
been published (Wood, 1927, 1929a, 1929b), and more will appear later. 
Trigonias is, however, the most primitive true rhinoceros which is fully 
documented. 

3. Matthew’s views as to the phylogeny of the rhinoceroses are in- 
teresting and suggestive, but they seem to be an over-simplification of 
the actual situation. In several respects, such as the miscellaneous 
and diverse group of European and American genera which he lumps as 
“Caenupus”’ (including Epiaceratherium!), he can hardly be correct. 
Discussion and criticism of his views in regard to the relationships of 
the later rhinoceroses is reserved for the future. 


4. Stehlin has proved that the tusks of the European genus Epiacera- 


therium are not I' and I., but are probably C}. The doubt which he 
apparently feels as to th identity of the tusks of the American rhino- 
ceroses is definitely negatived by the known Trigonias material. As 


the tusks of other true rhinoceroses are closely comparable morpholog- 
ically with those of Trigonias and differ definitely from those of Epia- 
ceratherium, the latter genus would seem to be the aberrant form. The 
Epiaceratheriinae should be considered a distinct subfamily, paralleling 
the Amynodontidae in their tusks, while remaining typically rhino- 
cerotid in their cheek teeth and body structure. 
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GENERAL NOTES 
A PREGNANT WATER SHREW 


On the morning of July 17, 1931, a water shrew (Neosorex palustris navigator) 
was captured among the cabins of University Camp a few yards from a small 
stream. University Camp is located about thirty miles from Boulder, Colorado, 
at an elevation of 9600 feet. During the day it ate grasshoppers, moths, ants, and 
flies. After being placed in a jar of water, where it swam and dived, it spent about 
fifteen minutes in vigorously scratching itself, at the end of which time it was 
almost dry It died in the evening. Dissection showed it to be a female with 
em. long and apparently nearly ready to be born.—KENNETH 
Gorpvon, University of Colorado, Boulder, Colo 


eight embryos 2 


ANOTHER RECORD OF CRYPTOTIS PARVA FOR MICHIGAN 


A specimen of ¢ jptoti parva t iker t Ann Arbor, Washtenaw County, Michi- 
gan, on November 16, 1929 furnishes the ninth record of the occurrence of the 
species in the state. The specimen, with skin and skull, is in the writer’s private 
collection 

The individual was trapped on the slope of an open grassy hillside in the ‘‘Ar- 
boretum,’’ at the edge of Ann Arbor. The trapping station comprised the western 
exposure of the hillside, which 





+ 





o short grass lhe specimen was 


taken about 50 feet from a low marshy area, which bounds the grass on the west. 


here had been much rain previous to the trapping and the ground was well 
soaked 
From this information, added to published accounts, the habitat of this species 
is grassy situations and, occasionally, damp woods. Other small mammals 
trappe d in the same station were: Ble na orevicauda talpo des, Microtu penn- 
Ini pennsylvan cus, S ynaptomys coope cooperi, Pe ( 


bairdii, Zapus hudsonius hudsonius, Sylvilagus floridanus mearnsi, and Mep 
nigra.—Puitie M. Buossom, Museum of Zoology, Ann Arbor. Michigar 
THE DISK-WINGED BAT (THYROPTERA) IN PA) 

Since the disk-winged bats of the genus Thyroptera are not recorded from Pan- 
ama in Goldman’s ‘‘Mammals of Panama,”’ it may be of interest to set on record 
the circumstances under which the two species now known from the Republic 
were taken 

G. M. Allen and T. Barbour (Bull. Mus. Comp. Zodl., vol. 65, p. 271. 1923 
record Thryroptera albiventer from the Rio Jesusito, eastern Panama. ‘This 
little bat was caught with specimens of Rhynchiscus in the 
Heliconia leaves,’’ (p. 272). 


ala 


great, dry, curled up 


I took a specimen of the same form on Nov. 29, 1928, on the south shore of Barro 
Colorado Island. The animal was spending the day in the curled up leaf of some 
green plant, which had the form of a cornucopia, at about three feet from the 
ground I tested the sucking power of the disks after the bat had been killed, and 
found that the disk of one thumb had sufficient suction to support the entire 
weicht 


On August 10, 1923, in a similar plant, at the same distance above ground, eight 


: 
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bats were found spending the day. The locality was near Gutierrez, at an eleva- 
tion of about 4000 feet on the trail from the Chiriqui Lagoon to Boquete, in ex- 
treme western Panama. Four of them were taken and were described by Dr. G. 
M. Allen as Thyroptera tricolor albiventer. (Proc. New England Zoél. Club, vol. 
9, p. 1-2. Dec. 10, 1923.) 

My own two findings of this extraordinary bat genus occurred in the course of 
searching for tree frogs, which f.equently spend the day in such plants. These 
reports from Panama would seem to indicate that Thyroptera roosts on smooth 
surfaces hanging by their disks rather than by their claws.—E. R. Dunn, Haver- 
ford College, Pa. 


BATS ON THE COLORADO DESERT 


Keyes Ranch, on the Colorado Desert in Riverside County, is in the tree yucca 
belt with a scattering of pinyon pines. December 29, 1930, we found some bats 
here under rather unusual circumstances. The owner of the ranch had formed a 
reservoir by throwing a levee across an intermittent desert stream bed. To catch 
fish, which he had planted in the lake, he had stretched a wire from one side to the 
other; from this, short lines with fish-hooks were suspended. Usually the hooks 
were in the water, but at this time they were several inches above the water 
because of the drought. The weather was cold and two or three inches of ice had 
formed over the surface. In this ice were embedded forty or more Mexican free 
tailed bats. Some were entirely embedded; a few of those which were not had 
been partially eaten by predators. On separate fish-hooks were a California 
mastiff bat, a desert horned owl, and a Mexican free-tailed bat. All were caught 
by the wings 

The most obvious explanation of the presence of the bats on the hooks and in 
the ice is that they came down to the lake to get a drink In skimming the surface 
r, perhaps, they were 


of the ice, they might have been injured by the impact « 
captured by the slush which would have covered the ice in the early evening. The 
mastiff bat was evidently impaled as he brushed by the hook in flight By people 
who have observed them, mastiff bats are reported to be high flyers Thi 
coupled with the fact that there was no other standing water for miles around 
indicates strongly that it was attracted by water.—Brerry CAMPBELL, Mor 


rovida, California. 
FUR-PICKING IN MONKEYS AS AN ACT OF ADORNMENT 


Some crustaceans decorate themselves by attaching objects to their shells and 
some birds alter their plumage in a manner to affect their appearance. Captive 
monkeys and apes are known to use various objects for self decoration. These 
decorative services, according to reports, are always self-rendered 


In the case of two monkeys, afemale Macaca irus (‘“‘M 


cynomologus’’) and a male 
M. mulatta (‘‘M. rhesus’’), which the writer observed for several years, the fur- 
picking activity of the male appeared to serve not merely in cleansing the skin 
of the female of foreign substances, but also to include the modifying of her appear 
ance to suit his taste. On two occasions, when the two animals were separated 
for several weeks, the eyebrows and cheek tufts of the female trew sufficiently 


long to alter her appearance definitely. Both times when the pair were reunited 


the male immediately proceeded to pull out part of the hairs of the eyebrows of the 
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female and to bite off others which were unusually long 
out practically all of the long hairs of the cheek 
female’s appearance. During this hair-pulling 
leaned back and surveyed the female as if ev 


One by one he pulled 
tufts, greatly changing the 
ctivity, the male frequently 
aluating the results. This is the first 
recorded instance, to my knowledge, 


of one 


inimal’s appearing to contribute to 


the adornment of another O. L. TinkLepauGnu, Laboratories « Comparative 
Psychobiology of Yale Ur 
A DEFINIT LOCALITY RECORD FOR LIOMYS SALVINI NIGRESCENS (THOMAS) 
Three specimens of Liomys sal in e7 Thomas), collected by Austin 
Smith, have been received at the University of Michigan, Muss um of Zoology 
These specimens, from Tempate, Costa Rica, represent the first definite locality 
records of this species, and are also the first specimens received in anv American 
museun Che type locality of this form is given as Costa Ri Tempate is in 
the province of Guanacaste, about ten miles from the Pacific Coast [hese speci- 
me were taken in December, 1930, iz hy pasture land at an altitude of one 
hundred feet Che m ureme! t idult females and one adult male are 
s I] rot ength, 228, 230, 252 mm.; tail vertebrae, 121, 121, 130 mm.: 
hind foot, 27, 26, 29 mn WituiaM P. H | ITs hy Michigan. M 
Z 
W TERN EXTENSION (¢ } ( [ oO DO} ILION( 
The lor Kangaroo Mou } ) Grinne heretofore 
ee! ket Bent Stat Mono County, California, the typ 
( it r nt é t lor f the Whité VI ur I It n r€ 
+} er therefore + Y ¥ | 7 19021] \fr Ge G ¢ ntwell of th 
Angeles Museur I t er si re ilt pair < VU »dop 
t ( \ r > mule B Station, Mono Count, 
t t I titude « 7000 feet [he pecimens n sure follows: No 
8, I Angel Mus f M 7,19 ital length 152 mm., tail 80 mm 
ot 23 mm., collected by G. G. ¢ vell No. 1139, collection of Jack C 
n Bloeker, J May 7, 19 ti ength 149 mm., tail 82 mm., hind foot 
=. n 10 mm [he writer is indebted to Dr. Grinnell, Museum of Verte- 
te Zoology, Berkel California, fe onfirmation of his identification of the 
ecimel! Jack ( VON BLOEKI It ] ing V Exp n Pre 
‘ ( , 
EXTENSION OF RANGE OF PEROGNAT = IFICUS 
Recently the write rediscovered P qgnati I t the type cality 
I ith the help of Mr. George G. Cantwell of the Los Angeles Museum secured 
rty-four topo-type specimens, as detailed on earlier pages of this number 
Vhile enroute home to Los Angeles from the type locality on July 31, 1931. a close 
itch was ke pt il yng the roadside for los lities suitable for colonies of these small 
pocket-mice One large field near Oceanside and two small fields near San Onofre 
were located where it seemed likely, from the small holes, earth mounds. and 
similar signs peculiar to small pocket-mice, that we might be reasonably sure of 
ytaining additional specimens of p f A tw necessar\ or us to returr 
t once to Los Angeles, we marked the fields tving rags to the nes resolving 
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to return in the near future. A return was made to Oceanside on August 8th, and 
traps were set near San Onofre and near the mouth of the Santa Margarita River. 
The following morning we found a catch of fourteen Perognathus pacificus and 
eleven Perognathus californicus femoralis in our Santa Margarita River traps; one 
P. pacificus and one Peromyscus maniculatus gambelii in our traps two miles east 
of San Onofre; and one P. pacificus and two Reithrodontomys megalotis longicaudu 

in our traps at San Onofre. Telephone Weed, Heterotheca grandiflora, was the 
principal associational plant in all the fields. The two localities, Santa Margarita 
River and San Onofre, are, respectively, fifty-five and seventy miles north, by 
road, from the type locality of Perognathus pacificu Jack C. von BLOEKER, 
Jr., Los Angeles Museum, Exposition Park, Los Angeles, California. 


NOTES ON SOME COLORADO WOOD RATS 


Recent examination of a small series of wood rats from southern Colorado in 
the collection of the Colorado Museum has brought to light some interesting data 
concerning the range of the several forms, one of which is here recorded as an 
addition to the state mammal list 

Neotoma mexicana fallax (Merriam Two individuals from Furnace 
Canyon, western Baca Co., Colorado, represent the extreme eastern limit of this 
widely distributed form. One was secured in an abandoned woodpecker excava- 
tion 20 feet up in an oak tree, growing on the canyon floor. The other was 
trapped in the recesses of a rocky cavern 

While no specimens were taken in contiguous areas of the Oklahoma panhandle, 
there is reason to believe that this rat occurs there also 

Neotoma albigula warreni (Merriam Two immature males, one from Trin- 
chera, Las Animas Co., and the other from near the junction of the Huerfano and 
Cucharas Rivers, Pueblo Co., Colorado, are the most western and northern records 
at present available However, there is abundant evidence to suggest that war- 
reni ranges throughout much of the adjoining pinyon and cedar region, northward 
to the vicinity of Pueblo. The specimen from Trinchera was taken with a small 
series of NV. m. fallax, which is seemingly the dominant species in that locality 

Neotoma albigula albigula Hartley. A sub-adult and an adult male; one from 
Bondad, La Plata Co., and the other from Four Corners, Montezuma Co., Col 
orado, are the first recognized individuals of albigula to be taken in the state 
and are from localities that materially extend the known range of the race 

hese two specimens differ in important features from several topotypes 
kindly loaned for comparison by the Museum of Vertebrate Zoology, and may 
represent a smal! unnamed northern rac« However, in the absence of more com- 
prehensive material, no attempt is now made to settle this latter point In 


coloration the two specimens, both taken in June, agree almost exactly with 


topotypes taken in February, but are very different from June specimens from 
Carr’s Ranch in the Sierra Ancha, and from the Santa Rita Mountains, Arizona 
In size, they are much inferior, averaging: Total length, 304.5 (290-319) mm.; tail 
vertebrae, 138 (128-148) mm.; hind foot, 31 mm. Cranially, the Colorado speci- 
mens are smaller, but with relatively heavier and larger molar series.—F. W. 
Mi.ueErR, Colorado Museum of Natural History 
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summary.) 
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Anz., vol. 70, nos. 8-10, pp. 212-213. August 14, 1930. 
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KOEHLER, W L’intelligence des singes supérieurs. Transl. from 2nd ed 
German) by P. Guillaume, vol. 1, pp. XIX + 319, 7 pls., 19 figs. Bib- 


liothéque de Philosophie contemporaine. Félix Alcan: Paris, 1927. 

KozHANcHIKOV, I. The sable in Saian and its geographic distribution in the 
palaearctic regio! Priroda, Leningrad, 1930, no. 6, pp. 672-674. 1930. 
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dactylus. Bull. de l’Assoc. des Anatomistes, no. 21, pp. 203-211. 1930. 

Lorn, ADRIEN AND Mme Aprien Lorr. Le chat, son utilité. Bailliére, Paris, 
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no. 11, Univ. Edinburgh, O & Boyd, 
1931 
Sowersy, A. pE C. The Yunnan ser China 
July, 1930 


TEPHEN, A. C 


KASHIMA, Haruo 


DT, KARL JR 





RECENT LITERATI 


True’s beaked whal 





Publ. 86, U. 8. Dept. Agric., pp. 1 
Trans 
1930 

p, T. W 


dontia, Oral 


Nat. Hist. Soc. Formosa, vol. 20, n 
Recent studies in the devel 
Surgery and Radiography, 
Die Bisamratte 
sichtigung ihre 
Heber 
TMAN, E 


Soc. U 


(Fiber 


Leipzig. 1929. 


K teport on excavations in 


niv. Bristol, vol. 3, no. 3, pp. 109 


RE 


The 


2 October, 


pment of the face. 
vol 
zibethicus L.) mit besonderer Beriick- 
Auftretens in Osterreich., pp. 98, maps 3, figs. 14. Verlag 


Ireland in 1928 


125, 


443 


Primates 
1929. 

Henders 
Edinburgh, pp. 20, figs. 


Nature, London, 


on Trust Lectures, 
16. 


vol. 13, no. 1, p. 43 


mirus) new to the Scottish 





faur The Scottish Naturalist yl. 188, March-April, 1931, pp. 37 
39, figs. 2 One stranded at Geirnish, on west side of South Uist, Scot- 
land, in first week of January, 1931.) 

Strottre, H. A. Mus spicileg ind de ‘Formenkrei des Mus musculus, L 
Zool. Anzeiger, vol. 90, pp. 206-208. September 1, 1930. 

S sa, I Uber die Flimmerbewegung in den 1 sen zentralorganen der 
Wirbeltiere Anat. Anz., vol. 69, nos. 20-24, pp. 525-532. 1930. 
STovALL, J. Wituis. The protoloph-ectoloph angle and its correlation with the 

geologic horizon of five genera North American Equidae. Journ 
Geol., vol. 37, no. 8, pp. 790-794, 1 fig. 1929 
STREETER, GeorGE L. Development of the egg seen by the embryologist 
Scientific Monthly, June 1931, pp. 495-506, figs. 7 
STROMER, E. Die ersten alttertifiren Siugetier-Reste aus den Sunda-Inseln 
Wetenschappelijke Mededeelingen van den Dienst van den Mijnbouw 
in Nederlandsch-Indié, no. 17, pp. 11-14, pl. 1, figs. 6a-7b. 1931 
Beachtenswerte Liicken in der Kenntnis mesozoischer und tertiirer 
[ 1 and Siisswasser bewohnender Wirbeltiere. Centralblatt f. Mineral., 
et Jahrg. 1931, Abt. B, no. 6, pp. 288-296. 1931. 
Reste Siisswasser- und Land-bewohnender Wirbeltiere aus den Di- 
amantfeldern Klein-Namaqualandes (Siidwestafrika). Sitz.-Ber. Bayer. 
Akad. Wiss. math.-naturw. Abt, Miinchen, pp. 17-47, pls. 2. 1931 
(New: Eni vdriodon africar Huy wuen ) 
William Diller Matthew, 1871-1930. Centralblatt f. Mineral., ete 
Jahrg. 1931, Abt. B, no. 5, pp. 266-268 1931 
Sza A. B. Die F: des Ure Zool. Garten, Leipzig, n.F., vol. 3, nos 
9-10, pp. 255-263, October, 1930 
SzczERKOW K. Die Posener Wisente. Zool. Garten, Leipzig, n.F., vol. 3, 
nos. 4-8, pp. 153-154, figs. 2. August 11, 1930 
TAYLOR, WALTER P. Outlines for studies of mammalian life histories. Misc. 


1930. 


Standard Japanese names for the mammals of Japan. 1 


109, pp. 195-217. August, 
Int. Journ. Ortho- 


15, 12, pp. 2-20. 1929. 


no 


Proc. Spelaeolog. 


figs. 4, pls. 3. (1928) 1929. 








444 JOURNAL 


Uber den 
i, 


if 
i 


VAN om 
Sdugetierkunde 
VILLEGAS, 


I 


Agri 


DEN BRINK, 


vol 


nos. 
VALENTI 
" 


wd + 


} by t 


, vol. 18 371 


no. 6, pp 


Vinoacrapovy, B. 8. ann 8. I. OBOLEN 
in U.S.S.R. I. Habits and cla 
in 1925-1928. Lenin Acad 
Leningrad, vol. 13, no. 5, pp 





Watuis, C. W. K. Notes on British bats—with special reference to those of the 
Midland Plateau. Proc. Birmingham Nat. Hist Philos. Sox 16 
no. 1, pp. 1-12. 1930 

WEIDHOLZ, ALFRED. Meine beiden Riesen-E! ypen (7 lerbiar 
congolan Rothschild Zool. Garten, Leipzig, n.F 3, nos. 4-8 
pp. 138-144, figs. 3 August 11, 1930 

WHEELER, E. P. 2np Journeys about Nain. Winter hunting with the Labrad 
Eskimo. Geogr. Rev., New York, vol. 20, 1 ! 154-468, figs. § 
mapl. July, 1930 

WICHELS Eine Voraussetzung fiir das Auftreten gruppens scher Eigse 
schaften bei den verschiedenen Tierarten. Biol. Zentralblat rl. 5 
pp. 327-329 1930 
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COMMENT AND NEWS 


TION OF FOREIGN ANIMALS 


INTRODU(C 
‘mously adopted the 


in Society of London una’ 


On December 5, 1929, the Linnean ! 


ing resolution: 


That this Meeting deprecates all attempts to introduce and naturalise wild 
lants in countries where they are not native, unless such intro- 
nomic reasons, and until a thorough study has 
1 of the results that are likely to follow.’’ 


ani 


luction is urgently needed for ee 


loeal conditions 














Che subject was brought to the notice of the Society in connection with the 
roposed introduction of Black Buck from India into Ceylon.—Extracted from 
Pr edings of the Linnean Society of London, 142nd session, Jan., 1931, pp. 17-20 

DAVID STARR JORDAN 

David Starr Jordan, edu I ithor, naturalist, advocate of peace, dean of 
American ichthyologists, and charter member of the American Society of Mam- 
malogists, died at Palo Alto, California, on September 19, 1931. He was born on 

farm near Gainesville, N. Y., on January 19, 1851, the son of Huldah Lake 
Hawle 1 Hiram Jordan Jordan graduated from Cornell University in 1872 

the degree of M.S nd continuing his studies received an M.D. from In- 

! ledical College in 1875, an Ph.D. from Butler University in 1878. Dr 

ordal lso granted honorat gre by Cornell, Johns Hopkins, Indiana, 
( rT nd Western Reserve universities, and by Illinois College. Beginning 
with his appointment as instruct f botany at Cornell (1871-1872) and during 
the 1 od when he held the profess ip of natural history at Butler University 

1875-1879), Jord s interests turned to the broader field of general biology and 
resulte in the publication o Manual of Vertebrate Animals of Northern 
United State 1876 vhicl ASS through thirteen successive editions. 

I s had a great influence in arousing interest in mammals among university 

tudent nd has afforded assistance to thousands of others interested in our 

rteprates D1 Jordan aces pte d the position of profe ssor of Loology 1879 

1885) and subsequently became president (1885-1891) of Indiana University. In 

1891, he was called to the newly organized Stanford University as president and 

r that post until 1913; he was chancellor of the s me institution from 1913 to 

Ole nd emeritus until the time of his deat} 

Jordan through- 


ibsorbing interest to D1 


Che study of fishes was a subject 
t his life and led him to collect and study the fish fauna of every state in the 
Union, Canada, Alaska, the Hawaiian Islands, as well as many foreign countries 
I contributions to ichthyology are the 


Included among his long list of important 
monumental work on ‘‘Fishes of North and Middle America (with B. W. Ever- 
mann, 1896-1900), The Genera of Fishes (1917-1920),’’ and ‘‘A Classification of 
Fishes (1923 


surer of the American 


James Williams Gidl V, charter member al d tormer tre: 
Society of Mammalogists (1921-1922), died in Washington, D. C., on September 








446 JOURNAL OF MAMMALOGY 


26, 1931, after an illness of several months. Dr. Gidley was born on January 7 
1866, at Springwater, Winneshiek County, Iowa, the son of Quaker parents, 
Rebecca Penrose (Williams) and Isaac Mosier Gidley. His early education was 
limited to local Iowa public schools; he received the degrees of B.S. from Prince- 
ton in 1898, of M.S. from the same institution in 1901, and of Ph.D. from George 
Washington University in 1922. Following his appointment on the staff of the 
American Museum of Natural History in 1899, his first professional work in verte- 
brate paleontology was directed toward the enlargement of the collections of 
Miocene, Pliocene, and Pleistocene mammals. In 1901, he was placed in charge 
of all field explorations for fossil horses under the Whitney Fund. On February 
15, 1905, Gidley was appointed preparator in the department of geology, United 
States National Museum. On November 1, 1907, he was promoted to the post of 
custodian of the collection of fossil mammals, and on July 20, 1911 he becam«s 
assistant curator of fossil mammals, a position that he held until his death 

Some of the more important contributions to vertebrate paleonotology by 
Dr. Gidley are his articles on ‘‘Evidence bearing on tooth cusp development 
(1906),’’ ‘‘Revision of Miocene and Pliocene Equidae of North America (1907), 
a series of papers on fossil mammals from the Cumberland Cave deposit (1913 
1920), ‘‘Synopsis of supergeneric groups of rodents (with G. 8S. Miller, Jr., 1918), 
and ‘‘Paleocene Primates of the Fort Union (1923 He also contributed the 


material on fossil mammals for a volume of the Smithsonian Scientific Series now 


in press 
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Elephas primigenius (measurements 
27 

elk, 265 

Enders, R. K., Parturition in the 


agouti, with notes on several preg- 


nant uteri, 390; Obituary notice of 

Hine, 187 

Engels, W. L., 
northern Indiana, 

Engyodon, 417 

1, 3, 10 (fig.), 1: 

Epiaceratherium bolcense, 417. 


J.8 
Long-tailed shrews in 


312 
Eotitanops, 


gaudryi, 417. 
turgaicum, 417. 
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fuscus fuscus, 270. 
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niobrarensis, 273. 
przewalskii (fig.), 8 
Erethizon dorsatum dorsatum, 116, 
272, 318 (parasites). 
epixanthum (voice), 71 
epixanthum  epixanthum, 
169, 264 (habits), 362 


Euarctos americanus : 


americanus, 259 
Eunothocyon, 55, 58 

adsitus, 299 

dorsalis dorsalis, 300 
dorsalis grinnelli, 300. 
dorsalis utahensis, 261, 


Eutamias 


300. 


minimus consobrinus, 261, 


359 

minimus jacksoni food 
111 

minimus minimus, 260 


palmeri, 300 

panamintinus juniperus, 
298. 

panamintinus panamintinus, 
298 

quadrivittatus hopiensis, 
359 

quadrivittatus inyoensis, 
299. 

quadrivittatus nevadensis, 
299. 

umbrinus, 261, 359 


Evans, V. J., death of, 187 


couguar, 270 

glaucula glaucula, 303 
glaucula nicaraguae, 303, 304 
glaucula oaxacensis, 303, 304 
glaucula yucatanica, 304. 
oregonensis hippolestes, 260 
yagouaroundi (habits), 254 


ferret, 268 

Fisher, A. K., Review of Akeley, M. 
L. J., 82. 

flying squirrel, 110 (food) 166-167 
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flying squirrel (habits), 233-238 
(habits), 261. 
eastern, 271. 

fox, Buenos Aires, 65. 

gray, 254. 

northern gray, 269. 

red, 268. 

Trinidad Valley desert, 302. 

fox-wolf (habits), 254. 


G 


Galago (anatomy), 281, 282. 
senegalensis (anatomy), 284. 
162, 312, 429 


Geomys bursarius, 404 


general notes, 67, 

bursarius bursarius, 116 (food), 
405 (fig.), 407 (distrib. map). 

bursarius illinoensis, 405 (fig.), 
407 (distrib. map) 

Gidley, James Williams, death of, 445 

Glaucomys sabrinus bangsi, 261. 

sabrinus macrotis (food) 
110. 


volans querceti, 233 


’ 


volans’_—volans, 166-167 
(habits), 233-238 (hab- 
its), 271. 


Goldman, E. A., (see Nelson, E. W 
302. teview of Nelson, E. W., 
322; Review of Sheldon, C., 80. 

} 


= 
OY, 


308 } 


gopher, « 
gray, 111. 
pocket (food), 116. 
Gordon, K.., 
429, 
Granger, W., William Diller Matthew 
(photo), 189. 


A pregnant water shrew, 


ground squirrel, 358. 
Douglas, 194 (fig.), 198 (fig) 
golden-mantled, 260. 
160-162. 
Uinta, 260. 
Green, M. M., An appeal for the collec- 
186. 
Gregory, T., Beavers at work on their 
house, 242; Deer at night in the north 
woods, 84. 


guaracha, 55. 


new, 


tion of shrews, 


Gulo luseus, 259. 
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hare, snowshoe, 264. 
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£00. 
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Hicanodonta (nomenclature), 320 
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Hine, J. S., death of, 187. 

horse, Merychippine (fig.), 118. 
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96; Review 


B., Report on game policy, 
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servation of whales, 344 
Howell, A. H., Preliminary descrip- 
tions of four new North American 


160; Range of the 
the southern 
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Allegheny cliff rat in 

Appalachians, 168 

Hoy, W. E., Jr., Berkowitz, A 
method for the fixation of 
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Huestis, R. R., Seasonal pelage differ- 
ences in Peromyscus, 372 
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and K 
mamma- 


Hydrochoerus (habits), 
Hyrachyus, 418, 419 
Hyracodon (fig.), 8 

I 
[Iechthyomys, see Ichythyomys, 251] 
251. 


Icticyon (habits), 255 


Ichythyomys, 
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Indris brevicaudatus (anatomy), 284. 
indris (anatomy), 284. 

Inia, 253. 

Inuus ecaudatus, 141. 

Isothrix, 250. 


Jackson, H. H. T., A note 
species of shrews, 163; Water-shrew 


on two 


in Connecticut, 312. 

jaguar (food), 254. 

Jellison, W. L., Little spotted skunk, 
Spilogale gracilis saxatilis, recorded 
for Montana, 314. 

Jewett, 8. G., Jr., 
Sorex vagrans vagrans, 163 

Jordan, David Starr, death of, 445. 


Nest and young of 


K 
the 


(Glaucomys volans 


Kelker, G., The breeding time of 
flying squirrel 
volans), 166 

Kellogg, R., Whaling statistics for the 
Pacific coast of North America, 73: 
Review of Osborn, H. F., 322; Obitu- 
ary notice of D.S Jordan, 445; Obitu- 
ary notice of J. W. Gidley, 446 

Kilham, L., A pregnant porcupine, 318 

kinkajou (habits), 255. 

Kirkwood, F. C 

317. 

Komarek, E. V.., 


Swimming of the 
muskrat, 
and D. A. Spencer, A 
new pocket gopher from Illinois and 


Indiana, 404. 


Lagidium (habits), 251. 


Lama vicugna, 252 

Lambdotherium, 3 

Landberg, R. L., (see Miller, F. W 
166 

langur, 133 

Langworthy, O. R.., 

the 


truncatus, 381 


Central nervous 


system of porpoise Tursiops 

Lasionycteris noctivagans, 105. 

Lasiopyga callitrichus, 141. 
griseoviridis, 141. 
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Lasiopyga mona, 141. 
pygerthra, 141. 

Lasiurus borealis borealis, 105, 270, 410. 
borealis pfeifferi, 409. 
cinereus, 270. 
degelidus, 410. 
minor, 410. 
pfeifferi, 409, 410 

Lemur (anatomy), 282 

anjuanensis (anatomy), 284 

fulvus (anatomy), 281 

mongoz (anatomy), 283 

iriegatus (fig., anatomy), 281 
rius (anatomy), 283 
Lepus americanus phaeonotus (para- 
sites), 117 


979 


imericanus vVirginlanus, 242 


nnectens, 159 
quaticus, 319 


irdii bairdii, 264, 362 


fornicus californicus, 36 





laskarewi, 159 
mandshuricus, 159 
palustris, 319. 
townseudii townsendii, 264. 
valdarnensis, 159 
is (anatomy), 284 

laniger (anatomy 283. 
Lichonycteris degener, 411. 
obscura, 411 
Liomys salvini nigrescens, 431 
) 


nomenclature), 32! 
Lutra (habits 


‘anadensis canadensis, 268 
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canadensis sonor 


Lycalopex, 54, 55, 56, 58 
fulvicaudus chiloensis, 58 
vetulus, 58, 59 
lynx, bay, 269 
Canada, 269 


Lynx canadensis cana 


uinta, 260 
Lyon, M. W., Jr., Bat oil for rheuma 
tism, 313 


M 


Macaca irus (habits), 430. 


mulatta (habits), 430. 
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Macacus 
(habits 
radiata, 141. 
rhesus, 129 (habits), 139, 141, 
430 (habits). 
Mailliard, J., 
County, 


cynomolgus, 133, 141, 430 


Porcupine in Marin 

169; Redwood 
chickaree testing and storing hazel 
nuts, 68. 

manatee, 253, 321 
food). 

Mann, W. M 


Evans, 187 


California, 


(measurements, 


, Obituary notice of V. J. 


Manteoceras (fig 10, 11. 


marmot, golden-mantled, 260 
Marmota flaviventris engelhardti, 357 
flaviventris nosophora, 260, 
357 
monax preblorum, 78 (hi- 


bernation), 271 
monax rufescens (food), 110 
marsupial (habits), 248 
Martes (Tomictis) gazini, 156, 158 (fig 
Martino, V. and E., 

from Jugoslavia, 53. 
Matthew, W. D 
Mazama (habits), 252 
MeNair, G 


mvyscus 


A new form of mole 
(photo , 189 


T., The deer mouse, Pero- 
a valuable laboratory mam- 


Megatherium, 273 


Mephitis hudsonica, 259 
mephitis minnesotae (food), 
117 
mephitis nigra, 42 (habits), 
78 (hibernation 
nigra, 268, 429 
Merychippus californicus (figs.), 118 
Mesatirhinus, 11 
Metamynodon (fig.), 8. 
Microcebus myoxinus 
Microcyon, 62 


anatomy), 284 


Microdipodops polionotus, 431. 

Microsorex hoyi intervectus (glands), 
107 

Microtus, 48, 67, 165 

abbreviatus 
311 


abbreviatus, 
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Microtus, abbreviatus fisheri, 311. 
arvalis, 310. 
eversmannii, 310. 
innuitus, 311. 
miurus, 310 
miurus miurus, 311 

311. 


montanus montanus, 


miurus oreas, 
361 
mordax mordax, 263 
muriei, 311. 
nanus nanus, 2 
ochrogaster, 
habits), 113. 
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pennsylvanicus pennsyl- 


vanicus, 112 (food, ene- 
mies), 271, 312, 429 
slowzowi, 310. 
tianschanicus, 310 
Miller, F. W., A feeding habit of the 


long-tailed weasel, 164; Notes on 
some Colorado wood rats, 432; The 
fall moult of Mustela longicauda, 150 

Miller, F. W. and R. L. Landberg, A 

Colorado record of Phena- 
comys, 165 

Miller, G. S., Jr., The red bats of the 
Greater Antilles, 409; Two 

412; 
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sixth 


new mam- 

from Celebes, Two nev 

South American bats, 
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Louisiana (habits), 366 
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in Blue Ex 
162. 


mole, 


mals 


mink, 268 
, Opossum and spotted skunk 


irth County, Minnesota, 

164 

from Jugoslavia, new, 53 

prairie (food), 107. 

star-nosed, 107, 268, 345-355 
(habits, 

monkey, 129-141 

400-404 (diet 

Barbary ape, 141 
bonnet, 141 
common, 141 


fig 


(breeding season), 


green, 141. 
grivet, 141. 
Guinea baboon, 141 
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monkey, Hamadryas baboon, 141 
Japanese, 141. 
Javan, 141. 
Mona, 141. 
Nubian baboon, 141 
pigtail, 141. 
rhesus, 141. 
sooty mangabey, 141 
Sumatran, 141. 
vervet, 141 
Monodelphis, 248. 
Moore, W. H., Notes on antler growtl 
of Cervidae, 169. 
untlers), 170, 272. 
Moropus (fig.), 8 
Mossman, H. W., Fading of color acci- 
dentally induced in captive chip- 
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uin lion, 


moose 


munks, 
mount 260, 270 
mountain sheep, 170, 265 
mouse (habits), 316 
ilifornia 
, 316 


d rock, 360 


big-eared C 


footed (habits 


Canadian white-footed, 115 
Coronados Islands, 305 

deer, 48, 51 
desert harvest 


(fig 

habits), 363 

dusky harvest (habits), 36 

dwarf meadow, 361 

field, 271 

Florida pine, 164 

golden-breasted canyon, 262 
315 

golden harvest, 363 


harvest, 239, 360 


house, 116, 271, 316 (plague 
317 (nests 

Hudsonian jumping, 115, 116 
food 

jumping, 272 

meadow, 112 (food, enemies 


361 
mole, 113 
Mono kangaroo, 431 
white-footed 
enemies), 115. 


northern (habits 
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Nelson, E. W., A new vole of the sub- 
genus Stenocranius from Alaska, 310; 
Wild animals of North America (rev 


Nelson, E. W., and E. A. Goldman, A 
new raccoon from South Carolina, 


308: New carnivores and rodents 





lowlev’s cliff, 263 from Mexico. 302. 
vhite-footed, 239 Neosorex palustris navigator (food 
white-footed deer, 271, 315 429 

lland jumping 1), 11¢ Neotor lbicu lbigula, 432 


Murie, A., (see Murie, O. J., 200 lbigula warreni, 432 


Murie, O. J nd Murie, A I r cinerea cinere 61 
Peromvscus, 200 nere rolestes, 263 
I | 71. 116 16 (vlag Jesertort 60 
lus I 3 116, 316 gue lesertorum, 36 
: : 
habits 17 (nests exical llax 32 
musculus muscul 271 nnsylvanic 168 
musk-oxen (experiments), 292 Neusticomys, 251 
muskrat. 116. 271. 317 (1 ts Q N n. 58 
I aiar 12 } te 17 parvidens g 
food 12 (fic 10 (f rostictus, 58 
) (fae N er 49 
64 eanus, 281 naton 
\f teal 5 984 natom 
I nensi 5 
O 
wnan ‘ 96S 
neicaud . " F + OFA 


moult. fig.). 164 (habit Ochotona princeps howelli, 306. 
noveboracensis noveborace! princeps lemhi, 307 
S princeps princeps, 307 


princeps saxatilis, 72 





princeps uinta (habits), 264 





259 schisticeps goldmani, 307 
schisticeps jewetti, 307 
Octodont, hairy-tailed, 250. 
} its Od ileus 
366 hemionus hemionus, 265 
Myotis keenii septentrionalis, 105 irginianus (antlers), 170 
rus, 313 virginianus borealis, 272 
iu igus lucifugus, 105, 270 285 (age classes), 289 
Myrmecophaga (habits), 249 fig.), 290 (fig 
Ondatra rivali« habits), 12 





N zibethica osoyoosensis 1ab- 
its), 264 
Napaeozapus insignis frutectanu ibethica zibethica, 13, 116, 


food), 116 271 
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Onychomys leucogaster brevicaudus, Peromyscus 


360 

162 
short-tailed, 
Virginia, 268 


opossum, 


248 


Oryzomys palustris texensis, 238 (fig 
238-242 (food, habits 

Osborn, H. F., Cope: Master natural- 
ist New 


species and genera, 


2909. 
rey 322; 


concept ions of 


*o 
issinca 


and of cl 


discovered in the evolution of 


l 


tion, 
the Titanotheres. 


tolicnus senegalen 





Ytospermophilus beechevi 
douglasii, 1 


198 





hg 
grammuru uta 
357 
otter, 253, 259. 268 
Ovibos moschatus w experiment 
999 
Ovis canadensis canadensi 985 
dalli, 310 
P 
Palaeosvyops fig 10. 11 


Palaeotherium (fig.), 8 


nocephalus l 


Papio cy 4] 


hamadryas, 141 

papio, 141 
Parascalops breweri, 268 
Parictis primaevus, 157, 158 (fig 


Parietis princeous, 157 


Pecari angulatus bar 143, 148 (fi 


v ngsi, g 
peccary, collared, 143, 148 (fig 252 
habits 
white-lipped, 252 
Perodicticus potto (anatomy), 281 


Phenacomys 


Perodipus ordii luteolus, a 
165 


262 


femoralis 


Perognathus californicus 
432. 
longimembris brevin 
371 


pacificus, 369, 43 


ASUS, 


] Phillips, J 
parvus clarus, 262 
51 165, 370 


bovlei rowleyi, 262 


Peromyscus, 48, fig 


ealifornicus (habits), 315 


C 
mals and birds 
1582 to 1925 (rev 


Phoca richardii 


crinitus auripectus, 262, 


315 
gossypinus 
239 
leucopus noveboracensis 
48, 115 (habits, 
mies), 211, 271, 312 
maniculatus 
200, 201 (fig 


artemisiae 
, 210 
maniculatus 


305. 


gossypinus, 


ene- 


assimilis, 


maniculatus austerus 
91] 

maniculatus bairdi, 48 
212 

maniculatus bairdii, 115, 
429 

maniculatus clementis 
305 

maniculatus dubius, 305 

maniculatus gambelii 
432 

maniculatus geronimen- 
sis, 305 


1 


manic 5 
912 
m init 


sulatus oreas, 211 


maniculatus osgoodi, 210 
262 (habitat), 315 

maniculatus rubidus (pel 
uge), 372-375. 

maniculatus rufinus, 262 
360 

maniculatus sonoriensis 
360 


polionotus, 213 
truei truei, 360 


intermedius intermediu 


296 


longicaudus, 
(nests’, 228 (young 
food), 230 (habits 
American game mam 
A catalogue of books 
79. 


food), 214-226 


vitulina (measurements), 314 


sulatus gracilis, 115, 


997 


‘ 
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Phoniscus atrox, 412. 
javanus, 412. 
rapax, 412. 

pika, Colorado, 72. 


Pseudalopex, 54, 56, 57, 58, 62, 65, 66, 
254 (habits). 
antarcticus, 66. 
azarae, 58. 60. 64 


Seven Devils, 306 azarica, 64 


Uinta (habits), 264 culpaea, 62 

Pipistrellus hesperus hesperus, 36 culpaeola, 64 

Pithecus fascicularis, 141 
fascicularis mordax, 141 

fuscatus, 141. 

irus, 141. 

mordax, 141 

nemestrinus, 141 


rhesus, 141, 281 (anatomy 


culpaeus, 62 

culpaeus andina, 63 

culpaeus culpaeus, 62, 
65 

culpaeus lycoides, 63 


C ulp 1eus magellanica, 6: 


culpaeus reissii, 62, 63 











sinicus, 141 culpaeus smithersi, 63 
Pitymys parvula, 164 domeykoanus, 65 
pinetorum scalopsoides, 113 fulvipes, 66 
(food, habits), 271 gracilis, 65 
pocket gopher, 262 gracilis domeykoanus 
Illinois, 405 (fig.), 407 (distri! 65. 
map gracilis gracilis, 65 
pygmy, 261 gracilis patagonicus, 66 
pocket mouse, Uinta, 261 gracilis zorrula, 65 
porcupine, 116, 272, 318 (paras griseus, 66 
5) gymnocercus, 64 
Canada (voice), 71 gymnocercus antiquus 
prehensile-tailed, 252 64 
ellow-haired 169 64 gymnocercu ttenuatus 
habits 64 
porpoise, 253, 381-389 (anatomy, f gymnocercus gymr 
Potos (habits), 255 cus, 64 
prairie dog, Utah, 359 inca, 57, 65 


lycoides, 63 


Preble, E. A., Review of 
teview of Gregory, 


view of Seton, E. T., 83 


magellanicus, 63 
patagonicus, 66 
patagonicus gracilis, 65 
predatory mammals, Committee r 
port, 97, 340 smithersi, 63 
Procyon gymnocercus, 64 


sechur 1e, 66 


rrula, 65 





lotor litoreus, 308 Pseudolveos, 62 
lotor lotor, 78 (hibernation), Pudua 
117, 270, 308 puma, South American, 254 


lotor solutus, 308. : 
lotor varius, 309 R 
Proechimys, 251 rabbit, Black Hills cottontail. 362 


Propithecus (anatomy), 284 Colorado desert jack 





verrauxi (anatomy), 283 


cotton-tail, 116 parasites , 264 
Protitanotherium, 12 


(habits 
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rabbit, New 


snowshoe, 117 (paras 
swamp (measurements), 319. 
white-tailed jack, 264. 


33 
78 (hibernation 


raccoon, 29, 30 (pelage), 


(habits 


Hilton Head Islanx 


rat, Allegheny cliff, 168 
black, 271. 
common, 271. 
cotton, 239. 

fish-eating, 251. 

271 


angaroo, 


gray, 


262, 360 


yA 


orway, 27 
pouched (food), 250 
stiff-spined Octodont (h 
syndactylous, 250 
Texas rice 238 ig 


habits 


Rattus norvegicus, 271 
rattus rattus, 271. 
Recent literature, 79, 171, 3 
Reithrodontomys fulvescens 
239, 363. 
megaloti 
363 
megalotis 
dus, 432 
megalotis 
360, 363 
megalotis 
habits 
Report the committee o1 


predatory mammal 


Resolution on foreign introdu 


rhin 


414 


liscus, 429 


ceros, 


} 


Rhyne 
> 
‘ 


Ronzotherium gaudryi, 417 


Saimiri oerstedii, 140 
sclureus (anatomy 
Sanborn, C C Protecti 


V ampire bats, 312 


Scalopus aquaticus machriz 
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aquaticus parvus 
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Scheffer, T. H., and Sperry, C. C., 
Food habits of the Pacific 
seal, Phoca richardii, 214. 

Schmidt, F. J. W., Mammals of west- 
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ites), 272. harbor 


(food), 37 


117, 270. Sciurus carolinensis leucotis, 103, 110, 
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Pacific harbor (food), 214-226 
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Seton, E. T., Game animals and the 
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for Ne Mexico, 166 
Sheldon, C., The wilderness of Denali 
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megalotis, 
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312, 429 (food) 
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nigrescens iter 


363 239 
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8 (hibernation), 117 (food 
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Great Basin spotted, 259 
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Smith, W 


sloth, 
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nating mammals at Liver, 


tus (food Vermont, 78 
Snyder, L. L., The ‘‘bald mouse,”’ 
164 genetical anomaly, 71. 
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obscurus bairdi, 163 
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setosus, 163 
312 


palustris navigator, 258 


obscurus 
obscurus 
palustris albibarbis, 
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Komarek, \ 
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Spencer, D A.. (see 


4()4 


Sneothos riveti. 62, 63 
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Sperry, C. ¢ see Scheffer, T. H., 214 
Spilogale, 259 
gracilis saxatilis, 259, 314 
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squirrel, antelope, 359 
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gray, 70 speed 110 
northern gray, 270 


pine 261 
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Stanford, J. S., Note ! man 
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